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3. 1 N’J’l<C)l)UC:’J’1 C)N

!l’}li s i s tile SCCCJIICI of tllrc’e papers invc)lvi~l{j  the (020) , (1 00) ,

a]Icl ( 003 ) vihl-at i onal s.t at es c)f }12C). ‘lihe f i rst paperl cc)vc\r ccl hi q]]

rc~sc)l ut i c)ll 1[1 Pzi S; L]lC]llc~]]ts al]cl ?~l]al ysj S, C)f the (02.0)- (c)lo) allcl (020)-

(000) l)aIlcls o-f llJ’C), H217C), a]]d ]]2%. ‘1’h(’ prc’s(’)lt st uc]y i IIC:I UCIQS

lllc’asu rc’lllc’llt s Clf tllc’ (3 C) O)- (C)30) , (001)- (010) , (]()())- (()()()) , ~,,,~

(001 ) - (C)OO) hancls c>f }121f)C). ~’lli s stuc]y (as we] 1 as ihe ])]-Qvi ous

)“C’])C)I t ‘) Clc)c’s IIC)t inc] UCICI a pc’rt u]-hdt-i on t rc!atnlent c~f t }Ic: clat a.

1 llst C’ad, t IIC: IIIcIasurccl 1 i ne St] (, Ilcjt }1s f c)]’ c’ac:}l }Iancl were aIltll yzc’cl

usi lIcj a C)IIC l.)ancl f i t drlcl t }Ie c~cmput CJCI results represcrlt. ~lIIIIeI-iLII-l.)QC3

Value’s.

Several repc)rts2-14 have’ I) CC’11 pub] i she’d wh i Ch i ncl uclct

lIICIZi  SLII-eIIICJIIt.  S arlcl\c)r cal CUI at i c~IIs c~f 1 i I-ICI pc>si t i C)IIS aIIcl st rencjths

f C)l” p,c,~,p 01’ al 1 C)f the’ l.)a Ilcls of }12’% nc>t C’cl abavc’ . 111 aclclitic)l]

l’(’arsc)n Pt a] , Is measur~cl a f“ew rc~t at i onal t ransi t i c>ns i n exci t ecl

vil~~ at iollal stdtes usirlg mi ) 1 imc’t Pr aIIcl :,~l~)rllj ] ] jlllet [,1- 1 dl-)C)Yat C)l.y

t c’c:}lrli  CjUC~s ant] ok)sc’rvecl f rc’c~uc”nci es i n t IIe (Oocl)- (Ooc)), (030) --

(030), (020)- (020), (300)- (3 C) O), arlc] (OC)3 ) -’ (003 ) barlc]s of Hz’%.



.,

st rengths, line

simultanec>usly  in

uspd t.c) determine

wi dths and Cc)nt i nuum parameters are fitt.cld

an i nt erae.t ive IUCJCIC. ~’he 1 at t er techni CJUC was

experimental va] ues c}f 1 i ne st rengtlls and the

ma~ c)li t y c)f ) ine Ce]lt.cr valucIs. ~’}]c!s.e c;omput c:r al gori thins havc

I-)CIC]I uscIcl i r] sc’vcral previ C)US st ucli QS1’16-21. 1 n the presc]]t study

tile ntajc)rit y c.)f 1 i]le cc’])ter values used in t-he a]la] ysi s were

clc’t c’rnli ]Iccl using t he NJ,] ,S prcqr anl wi tll unapc]c]i zed spectra . 111 tllc’

nmjc)rity c]f cases twc) 1 i ne pc~sj t ions for a given }12’60 ahsc>rptic)n
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.
were j rlput to the NI,I,S program: c)rIe r-epresc]lt j ncj t)ic. S] j g]lt] y

sh i f t.e. cl, pr~ssurc hrc)aclc~lleci  Cc)rlt rihut i on ancl t hc~ c]t llel- for the

desi rcIcl 1 ow-pre~;  sure f eaturp. }1’c)r t hc st roncjc’st  1 i nes, t h>ee 1 i ne

pc~si t i c}ns were j nput. t c) t.lle N],1 ,S prc)gram: t hcI two ncjt CCI ahc)ve ancl

t IIe cc~nt ri hut ion r~pr-esen~i ncj t-he 1 ow-pressure 1120 cc)nt ent i n the

‘% j II t he vacxlum t ank wasvacxum t ank. ‘l’he optical clensi t y c)f 112

est ah] i shed from empty C:CI 1 (2. 39m path 1 engt }1) runs c)htai necl i]]

t.llc’ 2. “//fro r~’c i 011J ~~; WQ] ] a s ccnn] )a r-ah] e resu] ts in t.hc 6. 21tm

rQgion16. l’lle measure’c] 1 i]le posi t i c)rls were cal ihrat ed ant] cc)rrect.ed

h y ref erencw to knc)wn H2’%’6 ant] N?(J17 frequenci es ancl these

S.iZ~IIClaI-C3S  wcra usecI in the prpvi c~us study’ .

3. ANAI)YSI S

!I’IICI c]uant um assi cjlmlc~]lts c)f” the measurec] ~]2160 tran~i t i oils i n

tile V1--V2, V3- V2, v, , and V3 ha]]ds w~~-~ cletc’rmirlod  Wjt]J tkle. sic] c>f

the }120 Compi lat i c]n

111~’RAN clata}.>ase’4.

(001) vil.~rat iona]

hy l’] Ziucl et al . ‘3 which is also included jn the

11’he rot at i c~na] energy 1 eve] s in the (1 00) and

states were derived hy the aclcliti c)n t c) eadl

nlcasurcd transit i on frecjuancy of the (100)-(010), (Ioo)-(oc)o),

(C)ol)-(ol o), ancl (003 )- (000) 1.).311CIS, the a~)prc)pr i ate 1 owc~r st ate

]c!vc!] given in Ref. 16. !l’hesc! rc’sul t-s were wei ght cd arid t hcn

avc~ragc~d f“or each 1 Q.VQ] . ~’able’ 2 1 ist-s value’s of- the rotat.ions]

Cncrgy 1 evels and estimati ons of the unccrtaint-i es for t-he (1 00)

and (001 ) stat es obt ainc~d in this study.

‘1’llcI experimental ~,~l~c~llgt.h:;  were ana]yzc, d by tile mc!t hod ur. ed ill

the first. paper-’l . ~’his methc)d is based on fit t i ng the measured
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1 i ne ~t~~]lgi]ls by least. -squares t,o mc]dc?] s in whjch ~hc~ dj~)c)]~

luomelit mat ri x e] c~mel Its are represented by Gxpallsi on ccmf f i Ci ents;

19 terms f-or B-type t ransi t ions and 8 terms for A--type transit i ens.

The 11- t.ypc? anal ysi s was usc~d i n my prc!viclus  st.udi CS1’16’19-21 and t-ha

A-t ype t ransit i ens; c)f the v? banc]s c)f 111)1% ancl 111)18020 were t rest ecl

wit]] t.})e 8 coefficient fit. Bc)t h types c)f cli ].)01 e expansi c)r]s were

C3 ev e 1 C)pcxl and descri bed by 1’] a ud aIlc3 Carey- Peyr(?t9 with 8

cc~eff i c~i ent. s for c?ach. ~’hc extra 11 cocf f’icients used here were

fOUnd to bc? necessary fc)l- t}le a~la] ysi s Of the V2 ~)ands of ~]21t’016  anc~

11217Cl arid }12

18019
and al so app] j ed i n my wc)rk on the H-type v? bands

of }11)160 arid 11 D18020 ancl I)216CJ and D21802’ . l’he B--type matri x e] ements

are given in ‘1’able 3 and the A-type e] ements are 1 i stc~d in ‘J’able. 4 .

The f i rst 8 e] ement. s given i n l’ab] e 3 and all 8 elements given i~l

l’abl e 4 arc the same as those given by F’laud and Carey- 1’eyret9

a] t houcjh they are. given here i n a somew}lat di f f erct~it fc~rmat from

that present.cd  in Ref. 9. Adc]i t ic)na] terms f“ound necessary for lb

type bands of H20, 111)0, and 1)20 WeI-e not. ~leeded in the analysis of

11[)0 A-type transiti ons in t,lle V2 bands20. in the present- study, it.

COUI d not be determirled i f additi ona] t.er-ms were rleedc:d  in t-he

arla)ysis of the v ~ and V3-V2 bands due: to pc!rturbati  on eff’ect.s  anti

t.hercforc  the 8 terms presented in ‘1’ah] e 4 and in Ref. 9 were used.

~’he measurc!d 1 i ne strengths were 1 east -scjuares f i t.t, ed by using

the dipc)] e moment expansion coeff”ici ent. s 1 i st.ed in l’abl CS 3 and 4

a~id Eqs. (l)-(3) givc3n in Ref. 3. Tllc! mat.r-i x el ement.s of t.hc

cli red i on cosi nes were ccm~put ed f rcnu the vi brati cm-rotat i on

parameters given by ~’oth 16 for the (000) and (01 0) states and from
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F] aud and C:amy-kyret. 7 fc)r the (1 00) and (001 ) states. Va] UC?S and

asscxi ated estimated Urlcertaint. ies of the matrix e]ements of the

expa IIclec3 clipc}] e mc}me~lts clerivc”cl  from tho f its arc given i n ‘1’ab] e 5.

‘1’I]c? 1 c)wcr pc)rti ons for the entri es f c)r each ba~lcl 1 i st. s the? numkmr

c~f 1 ines fit.t.ed,  tile values of the st-andard deviation in percent,

0%, of the 1 i ne strengt.11 f’it. s anti the frecjuency extent of the 1 i nes

used in the f’its. Measured 1 i ne strengths of transit ic)ns strong] y

af fc?cted by reso~lance  ef f ect. s were ~lot. inc] udcd i n the arlal yses.

Nevertheless, it was very difficult to fit the v, band mai~i]y clue

to i nt c>racti ons wit }1 the st ronqer V3 band. ‘1’he fit of the v, band

1 ecjui reel separat. i ng t hc? measuremerlts into 3 sets with each set

represent i ng a frequency interval . This met-hod was used in the

anal ysis of the V2 band of- H21%16. IIowevcr, in the present case,

tile fits were overal 1 ~lc>t gc)od as excnnp] i f i ad by the rather large

values of 0% given in ~’able 5 especially 0% for the high frequency

sc.t c}f tllc? (1 00) - (000) band.

l~icluded in ‘Table 5 are values of matrix elements derived in

c)t.ller studies: ‘1’he (100)-(010) and (001)-(010) bands by F]aud et

al .10 and the (100)-(000) and (00) )-(000) bands by Flaud and Carey -

l’eyret9. %tudies9~10 took into account the interact-ions~’hose . ,

betwc’c’n the three vi bratio~lal states (020) , (100) , arid (001 ) and to

Compare those results to the pres, ent. values for the (100) -- (01 O) and

(300)-(000) bands invc)lves uncoup] i ng the Fermi -t ype, f’ar

interact. ic>ns between the (020) ancl (100) states. The method used

in the f i rst. papcrl and usc?d here was to apply the foil owing

cxpressi c~ns:
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where h3z is the f i rst. c>rder coupl i.ng constan~s between the (1 00)

state (labeled 3) and (020) state (Iabelecl 2) . E3 and 1:2 are the

observed rotati. onless energy levels for the (100) and (020)

vihrat.i orlal states and pn(j ) are the niat. rix e] ement.s obt-ai~lcd i n

t )le Ot.hc?r studies9-10. jln* (-j) are the uncoupl ed const ants

represent. incj the other stucli es and the computed values are included

in l’ab] e 5. l’he computed values of i~~o( j ) were derived from Eq. (3 )

using the coup] ing constant_, h32, given in Ref . i’ and t,h~ matrix

e] ements, ~Ln(j) , given in Refs. 9,10. T’hese computed values

represent. a f i rst approximate on to the uncoupl ed constants. Higher

c~rder terms, h32 I etc. , and niore involved expressions than those

given in Eq. (1) arc involved i n obtaining a higher order

approximation of iino(j ) . However, the first order results given in

‘J’abl c 5 are good approximations.

4. RF:SUI :1’s

l’able 6 lists line.s of the transitions observed in the (100) -

(030) and (001)-(010) bands of H2160. Entries for the table include

the observed 1 ine position, the observed minus the computed 1 ine

posi ~i on (o-c) , rotational quantum assignments, the obs~rved



st.l-ellc~th, the es~i~latc?d uncertainty in tile measured strength (%s) ~

t.hc observed minus the computed 1 inc strength in pcnzmnt [ (o-C) %] ,

and t-l~e rati o R of the observed 1 ine strength t.o t-hat- cjivcm for

11 160 i n the tabu] ati on by l’] aud et al .102 (and in the 3992 eclit. ion of

tile 111 !l’RAN dat abase14 and Ref. I 3 ) . q’he computed 1 i no strength

valu~s are given in place of the percen~ differences in the column

f’or (o-c) % j f the magrlit.ude  c~f (o-c)% is 12% or greater. l’he

majority of these ent.ri es are c]f transit-ions which are moderate] y

t o strong] y perturbed. The values for the 1 ine strengths are in

units of inverse square centimeters per at.mospher-e (1 atmt-”/GO !l’c)rr)

whereas the values given jn Refs. IC),14-15 are given in cml-l/(mol

cm-?) . Therefore values from Refs. 10, 14-15 were converted to

inverse centimeters squared per atmosphere by appl ying the factor

2.48 X 1019 (at 296K) to det.ermjne the values of R given in ~’able?

6. The exp~rimcnt.al I j ne strengths are presented i n the tab] e for

a temperature of 296K whereas the sampl e tenqmrat.ures of several of

the spc~ctra from which the strengths were det.ermj ned were? s] i ghtl y

differcmt than 296K. l’hese values were converted to those for

‘1’= 296K with the use of the equations given in l:q. (1) in R.ef. 1 and

the V2 rotat.ions] levels given in Ref’s. 36.

l’he observed positions are given to three, four, or f“ive

dc?cima] p] aces in ~’abl c 6 whi ch indicates the accuracy of thes; e

mc~asuremcmt.  s. Obvic)usly, the most accurate estimates are given

wi th f jve si gni f i cant f igurcs past the decimal , and as was reported

i n Rcf. 1 the absolute uncert.aj nty for these measurc?me.nt.s  is i 6 x

30-5 cm-’  ● l’he computed 1 i ne positions were derived from the
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rot.at-j onal energies given in Tab]e 2 for the? (100) and (003 ) states

and t-he. levels givan for the (010) states given in Ref. 36. An

ast. eri sk next to the 1 j ne positj on value denotes a doub] ed

absorpt.  i on invo]vi ng two transiti ons whi ch were not adequate] y

resolved in the spectra. !i’hc quantum assignments given f c>r these

f~aturas are for the strongc’r of’ the two and the va]ues c)f the

observed and computed strengths represent the sum of” t.hc? strengths

c)f the two comparabl~ transi ti c)ns.

‘JIhe computed 1 ine strengths were derived from the dipole

moment expansion coefficients given in Table 5 and Eqs. (1)--(3)

gjven in Ref. 1. Not. al 1 of’ the 1 j ne strength measurcm~ents given

in l’able 6 were included in the 1 east-squares anal yses. F:rlt rj es

with %s=-1 5% were not. inc] uded kmcause these t.ransi tions resulted in

averaged values with uncert. ai nties of’ as much as 60% t o pc]ssjbl y

lc!ss than 10%. 1’1] is range of uncertainty for each of these

t ransit i c)ns arises from one c)r more of the fc>l 1 owing reasons: (a)

b] ending (b) weakness of transition intensity and (c) pOOr

acjreeme~]t between values derived from the various spectra. Other

entri es not inc]uded in the 1 i ne st rerlgth analyses were

t.ransi t.j ons strong] y perturbed due to resonancm int eractiorrs  and

the computed strengths derived for these transitions in Table 6

represent the unperturbed values.

l’ab] e 7 is a 1 j st i r-lg ccmparabl e i n content to that of Tab] e 6.

q’his t.abl e 1 i sts the measurements and computations for t-he (1 00) -

(000) band of 112160. Also included in ‘l’able 7 are a few transitions

of which the computed strengths givc?n by l+’] aud et al .13 (and



i nclucled in the }IITRAN 15 st 5ny14) were much 1 arger than est. imat.ed

ill t-his study. These 1 ines arc denc>ted with an IIU],. II jn plac:e c)f a

value for the %s entry. 1 II fact. t here were no apparent. absorpt ion

features in any of t}Je spectra wjt,hin i O. 015 CIII-l c)f t-he. ] is~~d

frequencies for these? 1 ines and the observed 1 i ne strength values

r e p r e s e n t .  upper 1 imi t val ucs,

Values of R given in Tab]

strength values gj.ven in Refs.

t-he computed val ucs derived by

e 7 were derived from computed 1 ine

33 and 34. It should be noted that

FI aud and Camy-Peyret9 severs] years

ago di f fer somewhat. from those reported in Refs. 13 and 14. The?

computed st rengths given in Ref. 13 were derived from an analysis

of unreported measurements obtai ned, for the most part , with a

grating spectrometer  with a spectral resolution of’ O. 03-0.05 cm~-l

and these same values were incorporated in the III TRAN database14.

Table 8 is a list. incj for the (001)-(000) band and is similar

in c~ontent to that of l’abl e 7. The previous computed values of 1 ine

strengths used to determine values of R are also given in the

IIlq’RAN ciatahase14.

l’he high accuracy measurements of H21’0 pure-rotati onal

frequencies obtained by I’carson et. al .15 are presented i n Tab] e 9

f c)r their obscrvati cms i n the

Included in this tab] e are

rotational energy level s given

!l’he t.ahl e 1 i SLS the rc)tat i c)na]

frequency given by Pearson et

(100)-(100) and (003)-(001) bands.

computed frequencies derived from

in t.his study and 1 i steal i n !IIab] c 2.

c]uant-um  assi gnrnents, band, measured

a] .’5 ( converted from megahertz to

inverse centimeters with the speed of 1 ight as 2, .99792458 x 1010

31



cm/s) , the ccmput.ed frecjuenci es f rcm my work, t.lje uncert ai nt y, un,

C)f t.hc? ccmputed frequ~n~y, and the di f’ferencer A, bet-ween  the

measured and computed f’requenci C?S. ‘1’he values of un are bascld c)n

the est imat.ed unczrtaint. icls clf t hc two rc)tat ional 1 eve] enercjjes

i ~]vc)lv~d in a transition and ccmlput ed from t hc? expressi on,

Wh e r“ e u nl and unz are the unc~rtai nt i~s of the two involved

rot ational energies. lnspactic)n of t-}le values of un and A shows

t,hat t.here is good agreement, on the average, between the n-lea sured

ancl c.cnnputeci  frequenci es wi thi ]) the 1 imits p] acx?d on the ccnuput cd

values .

5. D] SCXJSSI C)N ANI) CONCLUSION

More than 2000 transit. i ons freciuc:ncics  measured i n t.his study

were determined to an absolute accuracy of O. 0001 cm\-l (3 MlIz) cjr

bctt.er- for the majority c>f the 1 ines. ‘l’he experinlenta] line

st.r-el]gt.hs were fitted by 1 east- squares to a model which i ncl udecl 19

dipol c moment. expansion coeff i cj ants for B-type transitions and 8

terms f“c)r A-type t ransiti ens. ‘J’he fitting technique did nc]t take

into accc>unt the interactions bet.wc?en  the vibrational st at.es (020) ,

(1 00) , and (001) and t.hcref ore the cxmputed strengths derived i n

tlli s study represent unperturbed val ues. These results, inc] uding

those? of the previous st.udyl, wi 1 ) be fitted t-o a theoreti cal modc~l

wh i cll incluclc?s interactions between the t hrec? i nt-eract i ng

12



vibrational states.
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Tab] c 6. IJine positions (cm-’) and strengths (cni”2/at.n\. at. 296K)
observed jn the (100)-(010) and (001)-(010) bands of 112160.

observed
pos i t ion o-c

1820.8?03 -42
1852.9587  2?
J859.9482  2
1862.8786 126
1871 .7??4 ?4
1874 .780.4 35
1881.07856 -6
1 8 8 2 . 5 1 8 0  0
1894.9216  68
1895.7(07 -75
1898.593 111
1900.31814 85
1901.24010 42
1902.0755 -10
1912.851 -197
1914 .?2568 30
1915.16015 -18
1915.56192 15
1918.8679 -27
1919.37633  5
1 9 1 9 . 9 3 7 0  9
1927.67898 28
1 9 3 1 . 5 8 9 1  7
1933.5549  18
1934.5176  19
1935.6759  -1
1936.67672 -2
1938.7240 -13
1939.0968 1  E!
1 9 4 6 . 4 9 9 4 1  8
1947.40?66 -13
1949.0511 -48
1949.8074  23
1950.45205  6
1951.4?39 -25
195?.1159 -57
l$}~?.187~6  . 7
1953.30328 -48
1955.8218 -29
1956.18567 14
1956.80864 -1
1957.14807 -5
1960.6418 -33
1961.986 -151
1963.1912  19
1 9 6 5 . 4 2 5 8  16
1969.55888  2
1 9 6 9 . 7 { 5 3 7  3
1 9 7 5 . 1 9 8  8 4
1975.44505 -1
1976.87042 26
1 9 7 9 . 0 7 1 4  - 9
1979.0886  20
1982.7519 -13
1 9 8 3 . 4 0 5 8  - 7
1984 .5?8? -79
1986.45W1  - 2
1995.56746  7
1999.54729 -lo
2003.00029  9
2003.39230 -1
2004.5237  38
2004.90168  2
2 0 0 6 . 9 7 8 0  3
2008.05759  8
?01?.310 -12
2016.28086 -2
2018.95876 12
?022 . 0 8 6 2  6

UI qler [ ouer
J Ka Kc J Ka KC

( 1 0 0 ) - ( 0 1 0 )  &l
4 2 3 5 3 2
3 2 2 4 3 1
3 2 1 432
7 2 6 8 1 7
6 1 5 7 ? 6
8 1 8 9 0 9
2 2 1 3 3 0
2 2 0 3 3 1
7 1 7 8 0 8
8 2 7 836
5 3 3 542
6 3 4 7 2 5
432441
5 3 2 5 4 1
7 3 4 7 4 3
6 0 6 7 1 7
6 1 6 7 0 7
2 1 2 3 2 1
5 2 4 6 1 5
3 1 2 4 2 3
514 4LI
6 2 5 6 3 4
6 4 3 7 3 4
5 0 5 6 1 6
6 1 6 6 2 5
5 1 5 6 0 6
2 1 1 3 2 2
5 2 4 5 3 3
5 3 3 6 2 4
4 2 3 4 3 2
8 0 8 7 3 5
6 0 6 6 1 5
1 1 1 2 2 0
4 2 3 5 1 4
3 2 2 3 3 1
8 2 6 8 3 5
4 0 4 5 1 5
5 1 5 5 2 4
7 1 6 7 2 5
1 1 0 2 2 1
414 5 0 5
3 2 1 3 3 0
4 2 2 431
6 4 2 7 3 5
7 2 5 7 3 4
5 2 3 5 3 2
414 4 2 3
3 0 3 4 1 4
5 4 2 6 3 3
5 0 5 5 1 4
4 3 2 5 2 3
6 1 5 6 2 4
3 1 3 4 0 4
3 1 3 3 2 2
3 2 2 4 1 3
5 4 1 6 3 4
2 0 2 313
514 5 2 3
4 0 4 413
2 1 2 3 0 3
1 0 1 2 1 2
441 5 3 2
4 1 3 4 2 2
211 2 2 0
312 3 2 1
3 3 1 4 2 2
2 2 1 312
3 0 3 3 1 2
0 0 0 1 1 1

&served
strength M

r d
1.35E -05 10
6.22E-06  4
2.30E-05 5
1.12E-06 10
5.32E  -06 10
4.82E  -06 10
3.42E-05 3
1.00 [ -05  5
2.41E-06 10
2.33E-06 10
2.20E-06 5
2.1 OE-O6 10
6.66E-06  3
6.32E-06 4
2.63E-06 10
1.33E -05 3
2.17E-05 3
2.09E-05 3
3.00E  -06 10
2.78E-05 2
5.50E -06 10
7.63E-06 3
2.68E-06 5
3.88E-05 3
8.40E-06  5
1.18E-05  5
1.33E-05  4
4.23E-06 10
1.00E-06 10
1.78E-05  3
1.04E-05  2
3.93E-06  10
1.44 ET-05  4
1.50E-05  4
5.95E  -06 3
7.36E-07 10
1.78E-05  4
5.27t-06 10
5.1 OE-O6 3
4.95E-05 3
5 . 3 3 [ - 0 5  2
1.75E-05  3
5.20E-06  3
3.54E-07 10
5.77E-06 4
1.75E -05 4
2.37E-05 3
6.60E-05  3
1.30 [ -06  5
1.76E-05  2
4.80E-06 3
5.70E-06 5
1.98E-05  2
1.03E-05 4
4.46E-06  3
1.14E -06 8
2.35E-05 3
2.84E-05 3
1.08E-05  3
5.47E-05 3
6.40E-05  4
1.57E-06 10
1.58E-05  5
1.36E-05  4
5.38E-05 3
1.03E-06 6
8.05E-06  4
6.02E-05 2
1.76E-05  3

( o - c ) %a  R

9.36E  -06 1.41
-3.4 0.91
11.6 1.0[

1.73E-06 1.0$
2.94E-06 2.6(
6.42E-06  1.2(

-0.2 0.92
- 1 4 . 2  0 . 8 (

4.30E-06 0.87
1.63E-06 1.3?
2.95[ -06 0.87
3.64E-06 1.0[
9.33E-06 0.84
8.7/k-06  1.07
3.11  E-06 O.EU
7.69L  -06 2.45
2.31E-05 1.33

-1.5 0.9?
4.27k-06 0.94

0 . 8  1.0[
9.28E  -08 1.45

-1.2 0.87
3.33E-06 0.74

5.2 1.37
2 . 8  0.9[

-4.0 1.2(
7.1 1.0$

-4.4 O.EM
1.55E-06 0.93

- 1 . 3  O.of
4.51E-08  0.7t
2.81E-06 1.25

5.7 l.o~
-1.8 1.2C

-::: w
3.0 1.24
3.9 0.9[
0 . 0  0 . 8 5
2.2 1.OC
3 . 9  1.?(
0.4 0.9C

6.77t-06  0.74
1.20[-06 1.05

-1.1 0.91
1 . 9  0.9C

- 2 . 9  0 . 9 1
3.8 1.17
0 . 0  O.?t
0.3 0.93
1.2 1.12

4.41E-06  1.12
-1.2 1.12
- 2 . 7  0 . 9 C
-5.2 1.0(

4.08E-06 0.5$
3.8 1.lC

- 1 . 3  O.EX
-6.7 0.87
-0.7 l.of
-0.4 1.00

2.76E-06 0.5$
-0.3 0.9C

0.91
-!:: 0 . 8 E
- 0 . 6  0 . 8 4
-3.3 1.00
- 1 . 5  0 . 9 2
- 0 . 7  0 . 9 5

observed
pmition 0-(

2 0 2 4 . 3 3 9 0  8
2 0 2 7 . 3 2 8 3  - 3
2028.32897  2
2032.2923  30
2039.94793  7
2043.1667 -38
2 0 5 3 . 0 5 3 3  4
2058.24035 26
2059.1083  50
2059.2151  31
2 0 6 3 . 0 8 9 0  21
2 0 6 8 . 8 9 6 7  0
2070.&I18  1
2072.4888  18
2 0 7 9 . 9 3 4 0  - 1
2085.0869 -10
2 0 8 5 . 4 9 9 8  5
2086.6105 -16
2 0 9 0 . 9 7 4 9  3
2091.08952  0
2 0 9 1 . 1 0 4 2  - 5
2092.35041  3
2092.3998  22
2 0 9 3 . 5 1 5 8  7
2095.05705 14
2095.49603  9
2096.31947  0
2E197.0206  - 5
2098.2484 -55
2098.5471 -10
20 W.8365  -27
2 0 9 9 . 9 6 9 4 1  1
2108.9525
2 1 0 9 . 5 7 1 2  2;
2110.3518  22
2111.63302  4
2114.0151 -11
2114.31070 -4
2116.00972 16
2 1 1 9 . 3 5 3  6 5
2 1 1 9 . 3 9 1 9  5
2121.4239  23
2122.75215  6
2 1 2 2 .  BL261 5
2 1 2 3 . 1 1 6 7  3
2124.0358  54
?125.7466 -39
2126.1348  21
2126.2013 -10
2128.3402 180
2128.76952 -6
2129.71820 -3
2130.0419  32
2130.2082 -60
2 1 3 1 . 5 7 5 0 5  1
2131.6239
2 1 3 2 . 5 5 1 9  -la
2 1 3 5 . 0 7 5 8  9
2135.5335  13
2141.51W 1 1
2142.3026 -22
2145.67858  6
2148.18859  6
2148.4817
2 1 4 8 . 8 3 3 4  1;
2149.6193 -38
2 1 5 3 . 5 3 8  61
2154.3536 -47
2154.71135  5
2155.00240  6

uppr lowr
J Ka Kc J Ka KC

5 3 2 4 4 1
3 3 0 4 2 3
1 1 1 2 0 2
2 0 2 2 1 1
1 0 1 1 1 0
3 2 1 414
3 1 3 2 2 0
414321
4 2 2 3 3 1
5 2 4 431
8 2 7 7 3 4
6 2 5 5 3 2
7 2 6 6 3 3
9 4 5 8 5 4
1 1 0 1 0 1
3 1 2 2 2 1
2 1 1 2 0 2
7 3 4 6 4 3
2 0 2 111
4 2 2 4 1 3
5 2 3 4 3 2
3 2 1 3 1 2
7 3 4 7 2 5
8 3 5 8 2 6
5 2 3 5 1 4
3 1 2 3 0 3
2 2 0 2 1 1
6 3 3 624
8 4 4 8 3 5
111 0 0 0
9 3 6 9 2 7
5 3 2 5 2 3
431 4 2 2
7 4 3 7 3 4
413 4 0 4
2 2 1 2 1 2
4 1 3 3 2 2
3 0 3 2 1 2
3 3 0 3 2 1
6 4 2 6 3 3
3 2 2 3 1 3
3 3 1 3 2 2
6 4 3 6 3 4
4 3 2 4 2 3
6 2 4 5 3 3
7 4 4 7 3 5
5 4 1 5 3 2
5 3 3 5 2 4
8 4 5 8 3 6
6 5 2 6 4 3
514 5 0 5
4 2 3 4 1 4
5 5 0 5 4 1
5 5 1 5 4 2
3 1 3 2 0 2
6 3 4 6 2 5
8 2 6 8 1 7

10 4 7 10 3 8
4 0 4 3 1 3
5 1 4 4 2 3
5 2 4 5 1 5
4 1 4 3 0 3
2 2 1 110
6 1 5 6 0 6
8 3 6 8 2 7
9 2 7 9 1 8
93 6 84 5
7 2 5 6 3 4
5 0 5 414
2 2 0 1 1 1

observed
strmgth %s

6 . 8 1 [ - 0 7  5
4.25E-06  10
1.05E -05 5
2 . 7 6 [ - 0 5  3
7.55E-05 3
3.40E-06 10
1.73E -06  5
4.4EJE-06 4
6.00E-07 10
1.26E-06 10
1.12E-06 10
2.25E-06 10
3.32E-07  10
1.56 [ -06  4
8 . 6 3 [ - 0 5  3
1.03E-05  7
3 . 2 0 [ - 0 5  3
1.29E-06 10
1.35E - 0 5  4
2.28E-05 8
5.00E-06 10
7.42E-05 3
7.45E-06 3
1.1OE-O6  8
3.55E -05 3
7.50E-05 3
1.69E-05  2
2.50E-06 10
3.59E-07  10
2.OIE-05 3
1.18[ -06 3
3.61E  -05 3
1.34E-05  2
1.54E-06 10
1.52E-05  3
3.18E-05 5
6.00E-06  10
7 . 4 8 [ - 0 5  2
3.40E  - 0 5  8
3.Q4E-07 10
1.45E-05 6
9.30E-06 10
1.33f  -05 6
2.97t -05 3
1.6?E-06 4
1.99[ -06 10
3.56E-07  10
7.70E-06 6
2.50E-06 10
1.20E-06 10
2.80L-05 3
3.43E-05 3
1.21E-06 10
6.08E-07  10
3.12E-05 3
1.52E-05  10
1.26F-06 10
3.07E-07 10
3.50E-05 5
2.47t -05 3
7.40E  -06 4
9 . 4 5 [ - 0 5  3
7.25E-05 3
4.4?F-06  10
3 . 1 0 [ - 0 6  2
1.12L-06  5
6.39[.-07 10
4.50E-06  10
8.07t  -05 3
1.9?[ -05 4

( o - c ) % ?  R

2.30E-06 0,65
2.80E-06 1.04

-4.1 0.95
-2.5 0.90
- 4 . 5  0 . 8 8

2.82E-06 0.93
1.44E-06 0.97

1.1 0.80
1.10[-06 0.49
1.39c-06 0.75
8.85E-07 1.32
3.39[-06 0.57
6.48E-07 0.47
2. EW-06 0.51

4 . 3  0 . 9 3
-2.1 0.76

2.7 0.91
3.39E-06 0.63

-1.4 0.81
7 . 7  0 . 8 8

5.65E-06 0.68
5.0 0.90

9.901-06 0.89
1.361:-060.87
4.131-05 0.88

2,2 0 . 9 1
1,,8 0 . 8 8

6.3?[ -06 0.88
8.85[ -07 0.72

-1,2 0.8?
1.37t  -06 0.87
2.82[ -05 0.92
1.09E  -05 0,91
5.83E -06 0.86

- 1 . 5  0 . 8 8
-9.4 0.79

- 1 1 . 8  0.6f4
-2.5 0.75

2.62E -05 0.94
3.60E  -06 0.75

5 . 6  0 . 9 4
8.33E  -06 0.88
1.06E -05 0.90

3.1 0.89
2.09E -06 0,58

7 . 0  0 . 9 9
1.61E -05 0.96

2 . 5  0.9L
4.0 1.02

1.34E-05  1.07
6.5 0.97
0 . 3  0 . 9 2

1.80E-05  1.03
6. OIE-06  1.57

0 . 7  0 . 7 5
8.6 1.06
9 . 7  0 . 9 9

2.44E  -07 13.98
3.04E-05 0.84

0.69
-::; 0.89
0 . 4  0 . 7 2
6.4 0.79

- 5 . 4  0 . 8 6
0 . 7  0 . 9 7

-l..’+ 0.81
1.74E-06  0.70
5.48E-06 0.61

- 3 . 9  0 . 6 7
2.3  0 . 7 /



‘1’ab] e 6 corlt. i rIuecI

observed
psi t ion o-c

2 1 5 6 . 6 3 7 6  - 3
2 1 5 9 . 8 4 5  -27.4
2 1 6 0 . 0 0 5 3  6
?165. ??56 -2
2166.1096  14
2 1 6 7 . 7 / 1 8 5  8
?172.1414 -13
2 1 7 2 . 4 8 6 2  - 3
2 1 7 > . 0 3 6 7  - 4
2178.90166 13
2182.9521  43
2187.1?90  35
2187.70?42 -6
2189.4310 -15
2189.6620 -18
2 1 9 0 . 6 0 3 7  - 6
2191.72488 -2
2193.03905  0
?198.52783 -14
2206.2671 -27
2206.41995 -5
2 2 0 6 . 9 6 7 7  - 3
2211.50372 -7
2216.2335 -38
2 2 1 8 . 0 6 6 1  6
2220.80075 -31
2222.0410  16
2 2 ? 2 . 2 8 8 8  5
2 2 ? 6 . 7 5 0 4  - 8
2 ? ? 7 . 3 4 6 9  .18
2227.40191  4
2 2 3 3 . 1 7 ?  41
2?37.9864  - lo
2238.1048 -18
2238.2671  11
2?38.941?7  8
2246.6NM 75
2251.4065 -7
2251.42561 1
2251.86970 -2
2?52.28515 -36
2252.3049 0
2254.6?81 -36
2257.8478 -21
2?68.860? 19
*2271.734 69
2274.3?30 -15
2274.8573 -12
2275.0251 -5
2275.5340 -25
2?84.0588 18
2293.9192 59
2296.6711 15
2297.45465 -9
2372.1436 22
2393.6016 24

1919.2303 -26
1932.1368 43
1935.3430 -29
1946.8907 21
1947.2798 -51
1956.3085 -46
1956.3295 2
1957.1668? -3
1958.1069 19
1958.6166 -11
1965.56?9 3
1972.59248 7
1975.7/05 52

upper lcwer &served
J Ka Kc J Ka Kc strength %s

6 2 5 6 1 6 1.35E-05  6
9 3 7 9 2 8 3.92E  -07 10
5 1 5 4 0 4 2.7{E-05  4
3 2 2 2 1 1 1.96E -05 4
6 1 5 5 2 4 7.70E  -06 10
7 1 6 7 0 7 7.11  E-06 4
7 2 6 7 1 7 2.601-06 10
6 0 6 5 1 5 2.11E  -05 4
6 1 6 5 0 5 6.46E-05 3
4 2 3 3 1 2 4.? fk-05 3
8 2 6 7 3 5 1.36E-06 6
7 1 6 625 1.96E-05  6
3 2 1 2 1 2 2.84E-05 4
7 0 7 6 1 6 4.80E-05 7
5 2 4 4 1 3 1.30E-05  7
7 1 7 6 0 6 1.48E-05  4
3 3 1 2 2 0 2.00[-05 3
3 3 0 2 2 1 5.42E-05 3
6 2 5 5 1 4 2.45E-05 8
8 0 8 7 1 7 5.66F-06 8
8 1 8 7 0 7 2.43E-05 4
7 2 6 6 1 5 4.80E-06  10
4 3 2 3 2 1 3.71E-05 4
8 2 7 7 1 6 9.50E-06  10
4 3 1 3 2 2 7.70E-06 10
9 1 8 8 2 7 5.05E-06 6
909 8 1 8 1.39E -05 4
9 1 9 8 0 8 4.50E-06  6
9 2 8 8 1 7 1.51E-06 10
44 0 33 1 2.51E-05 4
4 4 1 3 3 0 8.42E  -05 3
5 3 2 5 0 5 2.1OE-O6 10

10 0 10 9 1 9 2.70E-06 5
10 1 10 9 0 9 7.00E-06 6
10 2 9 9 1 8 2.60E-06 10
6 3 4 5 2 3 1.26E-05  4
7 3 5 6 2 4 2.1 OE-O6 10
8 3 6 7 2 5 4.1OE-O6 10
5 4 1 4 3 2 6.62F-05 3
5 4 2 4 3 1 2.57t-05 3
5 5 1 4 4 0 8.?7E-06  3
5 5 0 4 4 1 2.50E-05 10
9 3 7 8 2 6 1.? OE-06  10

10 3 8 9 2 7 6.87k-07 10
1 2 1 1 2 1 1 0 1 1 9.30E-07 4
6 6 1 5 5 0 1.03E-05  10
5 2 3 4 1 4 1.92E -05 4
6 5 2 541 1 . 7 X - 0 5  3
6 5 1 5 4 2 6.00[-06 8
6 4 2 5 3 3 1.38E-05  6
6 3 3 5 2 4 1.32E -05 4
7 6 1 6 5 2 5.90E-06 4
7 5 3 6 4 2 3.40E-06  10
7 5 2 6 4 3 9.1 OE-O6 5
6 3 4 5 0 5 1.33E-06 10
6 4 3 514 4.02E-06  4

( 0 0 1 ) - ( 0 1 0 )  bmd
6 4 2 7 4 3 2.56E.06 10
7 2 5 8 2 6 1.40E-06 10
8 2 7 9 2 8 1.21E-06 10
5 4 2 6 4 3 6.67E-06  3
6 3 4 7 3 5 2.41E-06 10
9 1 9 10 1 10 3.00E-06  8
9 0 9 10 010 1.07F-06 8
7 2 6 8 2 7 6.86E-06  3
6 2 4 7 2 5 1. OIE-05  4
7 1 6 8 1 7 2.31F-06 10
5 3 ? 6 3 3 3.15E-06  3
5 3 3 6 3 4 1.25E-05  3
8 1 8 9 1 9 2.53E -06 4

observed
(o-c)Xa  R p o s i t i o n  o - c

- 1 . 9  0 . 9 4 1 9 7 5 . 8 0 7 9  23
6 . 7  0 . 9 3 1 9 7 8 . 0 2 3 5  4

-o. ? 0.68 1 9 8 1 . 0 2 6 8  4
3 . 8  0 . 7 2 ‘ 1 9 8 3 . 6 6 4  2 5
5 . 7  0 . 6 6 1984.7804  10
2.4 0.92 1995.24550  4
9.4 1.05 1995.3105  -1

-2.3 0.65 1995.96918  7
1 . 0  0 . 6 5 1998.7407 -24
6 . 6  0 . 6 9 2 0 0 1 . 8 8 5 5  -19
3.1 0.76 2003.6354 -15

1.54E-05  0.75 2004.18769  0
-7.0 0.7-’0 2 0 0 5 . 8 7 / 9  6
10.1 0.69 2012.15395 14

1.11[-05 0.70 2014.235 110
3 . 3  0 . 6 4 2014.72825  8

-2.4 0.70 2014.8343S  4
6.05E -05 0.69 2021.2698  57

5 . 9  0 . 5 9 2022.9878 -48
8.53E  -06 0.52 2023.4912 -31

-4.5 0.56 2023.6?91  78
- 2 . 6  0 . 5 1 2 0 2 3 . 6 3 9  8 2
- 5 . 0  0 . 6 4 2 0 2 4 . 3 8 9 0 7  1

8.40E-06 0.55 2025.25419  2
1.19E-05  0.6? ‘ 2 0 2 5 . 8 9 0 0  -41
4.32E-06 0.55 2025.8W5 O

4.5 0.57 2026.94094  0
2.0 0.55 2034.14258  5
9.8 0.49 2 0 3 4 . 1 9 1 6  41

1.7/E-05 0.69 2 0 3 4 . 3 6 2 8  6
5.3?f -05 0.7> 2 0 3 5 . 8 7 4 6  5
5.92E-07 0.75 2036.0070  27
2.02E-06 0.65 2040.0166 -10
6.04E  -06 0.56 2044.3329  36
1.68E-06 0.58 2048.64951  7

-3.1 0.55 ?051.3925?  3
2.38E-06 0.48 2 0 5 1 .  W05 -9

6 . 2  0 . 5 7 2052.4114 -20
2.95E-05 0.?4 2053.86439  5
9.93E  -06 0.7T 2054.43251 10
3.21E-05 0.65 2058.49488 -11
9.64E-05 0.62 2059.7608  66
6.70E-07  O.W 2 0 6 0 . 6 4 6 7  8
9.76E-07  0.40 2 0 6 0 . 7 1 5 9  - 8
8.00E  -07 0.51 2062.5500 -18
3.40E-04 0.58 2062.5559 -87
3.93E-06 0.75 2066.6147/  22
4.94E  -05 0.63 2 0 6 7 . 7 / 9 1 5  8
1.65E-05  0.67 20?0.27Tf 2 5
5.05E-06 0.72 2071.95014  0
2.13E-06 0.65 2075.3784  30
1.19E-04  0.76 2075.99128  9
8.17L-06  0.63 2076.03278 -9
2.46E-05 0.58 2076.97193 15
2.80E-07 0.41 2079.850 232
2.83E  -07 0.82 2082.9078  47

2085.3729  11
3.03[-06 0.60 2 0 8 6 . 8 3 5 5  - 5

9 . 7  0 . 8 1 2090.3980 -20
9.53E  -07 0.96 2090.8986  17
5.27E  -06  0.93 2092.98EUI 1 5

4.7 0.W4 2093.31639 12
-7.3 0.74 2 0 9 3 . 4 0 9 5  - 1
0.0 0.79 2093.  U3 3 3
1.7 0.78 2 0 9 3 . 8 6 3 9  11
7 . 7  0 . 8 2 2 0 9 4 . 0 9 2 9  1

-0.1 0 . 7 / 2095.19841 19
4.1OE-O6 0.79 2095.25175 -3

- 3 , 9  0 . 8 0 2 0 9 7 . 1 0 5 7  1
-0.5 0.79 2101.7923  53

upper louer
J Ka Kc J K. Kc

8 0 8 9 0 9
6 2 5 7 2 6
6 1 5 ? 1 6
8 7 1 8 7 2
5 2 3 6 2 4
7 1 7 8 1 8
7 0 7 8 0 8
4 3 1 5 3 2
4 3 2 5 3 3
6 3 3 5 5 0
5 1 4 6 1 5
5 2 4 6 2 5
2 0 2 3 2 1
4 2 2 5 ? 3
7 0 7 7 2 6
6 1 6 7 1 7
6 0 6 7 0 7
8 6 2 8 6 3
4 1 3 4 3 2
5 1 4 5 3 3
7 6 2 7 6 1
7 6 1 7 6 2
3 3 0 4 3 1
3 3 1 4 3 2
6 6 0 6 6 1
4 2 3 5 2 4
413 5 1 4
5 1 5 6 1 6
6 0 6 6 2 5
5 0 5 6 0 6
5 2 4 461
101 2 2 0
321 4 2 2
9 3 7 9 3 6
3 2 2 423
312 413
5 0 5 5 2 4
9 5 5 9 5 4
4 0 4 5 0 5
4 1 4 515
7 5 3 7 5 2
7 2 6 7 2 5
6 5 2 651
651 652
551 5 5 0
5 5 0 5 5 1
4 0 4 4 2 3
2 2 0 3 2 1
8 3 6 8 3 5
2 2 1 3 2 2
3 0 3 4 0 4
3 1 3 4 1 4
5 1 5 5 1 4
2 1 1 3 1 2
8 4 5 8 4 4
2 0 ? 2 2 1
6 2 5 6 2 4
744 7 4 3
7 3 5 7 3 4
6 4 3 6 4 2
6 4 2 6 4 3
2 0 2 3 0 3
5 4 2 5 4 1
7 4 3 7 4 4
541 5 4 2
2 1 2 313
441 4 4 0
4 4 0 4 4 1
8 4 4 8 4 5
414 413

obser  vcd
strength %

7.66E-06 3
4.42E-06  3
1.56F-05  4
5.36E-07 10
6.40E-06  3
1.63E-05  2
5.74E-06 4
1.93[ -05 3
5.67L-06  10
1.OIE-05 3
9.50E-06 5
2.00E-05 3
1.74E-06 5
3.55E  -05 3
4.44E-07 10
9.87L-06  2
3.06E-05 3
5.62E-07 10
1.48E-06 3
5.21L  -07  10
1.75E-06 4
5.98E-07 4
7.05E  -06 3
?.08E -05 3
6.35E-06  6
1.37t-05  6
5.00E -05 5
5.35E -05 3
2 . 7 6 [ - 0 6  4
1.90E-05  4
3.1OE-O7 10
3.66E’-o7  10
1.65E-05  4
2.53E-07 10
5.48E  -05 3
?.56[ -05 3
1.70E-06 10
4.88E-07  10
8.34E-05 4
2.60E-05 3
2.78E-06  10
2.91E  -06 10
2.37E-06 10
7.60E-06 4
1.73E-05  3
5.78E  -06 3
7.55[ -06 4
5.16E-05 2
4.16[-07 10
1.66E-05  2
3.75E-05 3
1.08E-04  3
1. OIE-05  10
1.00E-04  2
3.63E-07  10
3.50E-06  10
4.20E-06  6
5.00E-06  10
5.02E-06  6
3.39E-06 2
1.15E -05 3
1.36E-OL  2
?.58E-05 4
1.40[-06 10
EI.24E-06  3
3.96E-05 3
1.92[ -05 5
5.36E-05 3
1.49[-06 10
1.08E-06 10

(o-c))? R

0.4 0.80
- 6 . 7  0 . 7 9
3 . 6  0 . 8 0

4.05E-07 1.42
-4.3 0.75
-0.3 0.80

5.3 0.85
-0.5 0.84

6.60E-06 0.71
9.33E-09 0.70

- 3 . 6  0 . 7 5
2.65E-05  0.7/’
1.3 BE-06 0.79

- 2 . 0  0 . 7 8
3.40[-07 0.84

- 6 . 0  0 . 7 /
- 3 . 2  0 . 7 9
-4.3 0.97

1.3?E -06  0.’70
-9.0 0.59

;:; ;:;:
3.2 0.82
0.9 0.81
1.6 1.02

- 3 . 5  0 . 8 4
- 3 . 6  0.7r
-1.5 0.81

2.191.-06 0.83
4 . 2  0 . 8 5

3.761-08 0.76
- 0 . 8  0 . 6 7
- 4 . 9  0.7[

2.041:-070.61
-2.4 0.82
-2.6 0.79

1.351” -06 0.85
2.79[:-07 1.55

-1.2 0.8?
-6.0 0.83
-1,,8 0 . 9 2

1.53[ -06 0.89
- 7 , 0  0 . 8 8
-0.6 0.95
-7,5 0.90
-7.3 0.90

5.99E -06  0.87
2,3 0.83

2.59E-07 0.75
- 3 . 8  0 . 7 9
-2.2 0.81
-1.8 0.83

5.31E -06 0.89
1.9 0.83

-2.0 0.70
1 0 . 6  0 . 8 3

1.47E-06  0.84
3.55E-06 1.11
2.75E-06 0.87

2.7 0.87
9.90E  -06 0.98

::: :::
1.19[-06 0.92

-M :::
3.6 0.97

- 3 . 6  0 . 9 0
1.13E -06 0.89
3.75E  -06 0.71



!l’ab]  e 6 Cc>nt i nuad

observed
pos i t ion o-c

2103.3318  16
2 1 0 4 . 6 4 5 2  5
?113.81038 -3
2114.5? 841 -10
2114.63947 -1
2 1 1 9 . 2 3 1 6  0
21?0.185 -322
2121  .647 [ {  5
2 1 2 1 . 7 4 4 8  3
2 1 2 2 . 4 5 4 1 5  4
2122.8546 -13
2123.1747  21
2 1 2 7 . 1 5 1 1  4
? 1 3 7 . 3 3 0 7 1  4
2137.37154  2
2 1 3 9 . 9 2 6 8  14
2 1 4 2 . 2 5 1 4 3  6
2 1 4 3 . 9 8 1  -117
2144.80859  3
2146.7291  36
2 1 4 9 . 1 2 9 5  -7>
2151.19505  2
2153.241 -115
2 1 5 8 . 1 0 6 2  - 1
2160.262 -75
2162.0144 -11
2171.8187  43
2172.3240  12
2184.74681  5
2 1 8 7 . 3 7 8 5  3
2198.60957  4
2?06.20715 -3
2206.6561  29
2207.3853 -13
2207.4303  12
2208.87956 13
2214.36025  9
2215.67500 17
2?18.5?666  7
2 ? 1 8 . 8 4 7 [ 5  7
2219.43136 -12
2220.7 /50  -15
2224.7695  40
2 2 2 5 . 8 6 4 8  6
22?9.8050  14
2?29.8963 -13
2?30.0397 -64
2232.6012  22
2233.21228  4

- 2.2>()..  2~~4&~ 4

upper 1 oucr
J Ka Kc J KO Kc

1 1 0 2 1 1
6 3 4 6 3 3
5 3 3 5 3 2
101 2 0 2
1 1 1 2 1 2
4 3 2 431
4 1 3 3 3 0
4 3 1 4 3 2
5 3 2 5 3 3
3 3 1 3 3 0
3 3 0 3 3 1
313 3 1 2
4 2 3 4 2 2
3 2 2 3 2 1
0 0 0 1 0 1
212 211
2 2 1 2 2 0
5 1 4 431
2 2 0 2 2 1
7 3 4 7 3 5
3 2 1 3 2 2
1 1 1 1 1 0
5 0 5 4 2 2
4 2 2 4 2 3
6 1 5 5 3 2
1 1 0 1 1 1
5 2 3 5 2 4
2 1 1 2 1 2
1 0 1 0 0 0
3 1 2 3 1 3
2 1 2 1 1 1
4 1 3 414
2 0 2 1 0 1
6 5 2 5 5 1
6 5 1 5 5 0
2 1 1 1 1 0
3 2 2 2 2 1
5 4 2 4 4 1
3 1 3 2 1 2
431 3 3 0
3 2 1 2 2 0
2 2 1 2 0 2
3 2 2 3 0 3
3 0 3 2 0 2
7 5 3 6 5 ?
8 2 6 8 ? 7
7 5 2 6 5 1
4 2 3 4 0 4
3 1 2 2 1 1
4  I 3..3 .L2..

observed
strength %s

2.86E-05 3
4.64E-06  4
3.33E-05 3
4.48E-05  2
9.55E-05  2
2.27E-05 4
4.68E-07 10
6.42E-05 3
9.91E-06 2
1.17E-04  3
4 .  OIE-05  4
1.9EX-05  3
6.75E-06 10
6.33E-05  5
8.90F-05 3
1.58E -05 4
5.60E-05 3
3. OIE-07  10
1.64E-04  2
3.66E-07 10
3.04E-05 7
1.24E-04  3
4.25[-07 10
2.81E-05 3
1.30E-06 10
4.33E-05 6
4.1 OE-O6 10
6.00E-05 4
3.62E-05 3
1.08E-05  3
4.81E-05 4
1.56E-05 4
2.15E-04 10
1.49E-06 10
4.41E-06  10
1.42E-04  3
1.09E-04  3
1.l?E-05 10
2.14E-04 4
8.30E -06 3
3.57E-05 4
1.36E-06 10
8.30E-06 10
7.83E-05 3
3.1 OE-O6 10
8.25E-07  10
9.35E-07 8
3.16E-06 10
6.50E-05 6
L 85 Eu.Q5.. .5..

( o - c ) %a  R

-0.1 0.83
2.84E-06 0.89
2.31E-05 0.95

1 . 8  0 . 8 6
- 0 . 6  0 . 8 5

1.83E-05  0.98
3.90E-07 0.99
5.50E-05 0.93
7.81E-06 0.87

- 0 . 9  0 . 9 1
1.9 0.93

2.37k-05 0.84
1.05E-05  0.88
7.45E-05 0.87

1 . 6  0 . 8 7
-6.4 0.84
2.5 0.92

3.68F  -07 0.75
-0.5 0.89

1.07E-06 0.94
2.57E-05 1.19

1 . 9  0 . 8 9
4.95E-07 0.91
3.52E-05 0.89

- 4 . 7  0 . 9 4
0.89

5.2;;f06 0.94
-0.2 0.94

1.3 0.90
- 2 . 9  0 . 9 7
6.0 0.92

1.94[-05 0.85
10.8 1.00
-7.3 1.38
-8.5 1.36
4.1 0.93

9.51E  -05 0.89
1.73E -05 1.00

5.8 0.92
4.70E-05 1.26
3.17E-05 0.92

- 1 0 . 8  0 . 8 7
9.90E  -06 0.87

4 . 5 %806 !:%
1.38E-06 0.84
1.52E-06 0.98
3.86F-06 0.94

0.5 0.92
.4-, 16E -.!?>!  .9!.

abser  VWI
pos i t ion o-c

2 2 3 7 . 7 ( ? 8  5
2239.48898 -4
2239.50713 -14
2242.75432 11
2 2 4 3 . 4 4 2 0  32
2?44.7075  28
2246.78749  5
2 2 5 2 . 8 7 1 0  - 3
2255.29913  2
2255.39053  5
2257.45751  8
2258.69213  6
??60.5935  26
2260.8266 -45
2 2 6 3 . 9 8 5 3  14
2267.8815  60
2272.4111  34
?272.98905  3
2273.06990  7
2274.42948 -8
2 ? 7 4 . 7 1 0 8  8
2277.53452  0
2 2 8 1 . 5 6 1 3  4
2 2 8 6 . 6 3 5 2  -?5
2289.89402  2
2290.15895 -1
2291.0672  50
2?96.73060 -1
2373.  ?7ff 2
2389.5324  27
2405.5160  13
2407.1661  31
2411.0301  78
2422.659
2 4 2 9 . 9 3 3 3  ~
2437.2560  29
2 4 3 7 . 4 0 2  9 3
2 4 4 0 . 4 1 9 6  8
?451.9604  35
? 4 6 4 . 4 0 5 7  - 4
2465.9108 -49
2469.2111  49
2 4 8 2 . 6 1 0 1  2
2497.6885 -22
2510.5194 -79
2510.9503  41
2514.168 -87
2530.6797 -65
2544.4191 -30
25?l.,’OW.:~.06_

upper touer
J  KaKc J KOKC

414 3 1 3
533 4 3 2
6 4 2 5 4 1
4 0 4 3 0 3
5 3 3 5 1 4
5 2 4 5 0 5
4 22 32 1
8 5 3 7 5 2
5 1 5 4 1 4
4 13 31 2
5 2 4 4 2 3
5 0 5 4 0 4
7 4 4 6 4 3
6 3 4 5 3 3
74 3 64 2
7 1 6 7 1 7
6 2 5 5 2 4
6 1 6 5 1 5
5 2 3 4 2 2
5 1 4 413
6 0 6 5 0 5
6 3 3 5 3 2
7 3 5 6 3 4
8 1 7 8 1 8
61 5 5 14
71 7 61 6
7 2 6 6 2 5
6 2 4 5 2 3

1 2 0 1 2 1 1 0 1 1
13 1 13 12 1 12
4 4 0 3 2 1
6 3 3 5 1 4
441 322
5 4 1 4 2 2
6 2 4 5 0 5
54 2 4 23
6 4 2 5 2 3
734 6 1 5
7 4 3 6 2 4
634 5 1 5
6 4 3 5 2 4
8 4 4 7 2 5
83 5 7 1 6
7 4 4 6 2 5
7 3 5 6 1 6
75 3 63 4
8 5 3 7 3 4
7 6 2 6 4 3
8 2 6 7 0 7
9_ 4 . ...4 a.g ?

observed
s t r e n g t h  %s (O- C)%a R

7.74E  -05 3
1.45E -05 5
1.16E-05  3
2.31E-04 4
3.06f  -06 10
6.20E  -06 10
1.34E -04 3
1.80[ -06 5
1.83E -04 3
1.91E-04  3
1.38E-04  3
6.60[ -05 3
8.22E-06  3
4.30[-06 10
2.78E -06 10
9.68E-07  10
1.60[ -05 5
4.60E-05 3
3.68E-05 4
4.85E  -05 4
1.51E -04 3
5.1OE-O5 4
1.19E-05  10
1.36F -06 10
1.00E-04  5
9 . 5 3 [ - 0 5  3
5.00f -05 10
7.57t-05  4
3.48E-06 10
1.30E-06 5
1.66E-06 6
4.2?E-06  4
3.94E-07  10
4.55E -07 10
4.76F-06 6
2.00E-06 10
2.82E-06 10
1.16E-06 10
9.64E-07  10
7.92[-07 10
8.60E-07 7
2.00E-06 10
2.05E-06 10
1.82E-06 6
1.38E-06 10
9.19E-07 10
7.25[ -07 10
3.36E-07  10
8.28E-07  10
S.o?!-o?.l.g

7.17t  -05 0.91
5.55E-05  1.23
1.82[-05 1.10

1 . 6  0 . 9 3
-3.2 1.12

9.58[ -06 0.96
1.24[ -04 0.93
2.90E-06 1.08

-3.1 0.95
0.6 0.94

1.13[-04 0.90
2 . 6  0 . 9 5

1.31E-05  1.16
1.49t  -05 1.08
4.31E  -06 1.30
1.2r3t-06  0.96
2.78F-05  1.12

-4.0 0.90
0.0 0.90

- 1 . 6  0 . 9 3
4.2 0.97

4.39[-05 0.85
2.871-05 1.01
1.911-06 0.94

2 . 6  O.W
-1.4 0.93
-5.2 1.06
-1.2 0.93

2.721” -06 1.21
- 1 . 7  0 . 9 2

1.371. -O6 1.19
8:A&06 1.02

0.88
8.23;  -07  0.54

-3.7 1.09
-8.4 0.90
-6.3 0.92

1.861-060.91
0 . 8  O.W

- 1 0 , 3  O.w
7.64[ -07 1.12

-5.1 0.94
2.57[ -06 1.06

1.5 1.02
1.74[ -06 0.86

5,0 1.01
5.4 1.03

12.0 1.04
1.16E  -06 0.82

-13<o_.  o&9

* aster isk denotes a  doubted absorpt ion uith the quantm assigrmerrt  given for  the stronger transit ion.  Ihe s t rength  g i ven
r e p r e s e n t s  t h e  SUII of the strengths of the tuo corrfmrat][e  t r a n s i t i o n s .

o-c are observed minus conytited  [inc positions in cm -1 x  105. Ccmputecl  va~ues  dcr-ived  frcm  e n e r g y  levets g i v e n  i n  tab(e 2  and lower
state, ( 0 1 0 ) ,  (eve[s g i ven  in  re f .  16

%s are est imated uncertaint ies in  the measured line strengths given in percent

n. (o-c)% i s  t he  pe rcen t  d i f fe rence
difference between the observed and

II is  the ratio of  the observed l ine

between the observed and
con$uted  va(ues  i s  =112%

strength derived in this

carqtited line strength or  the value  of the corrqn]ted  s t rength  i f  the
m Larger in magnitude.

study to the ccaruted value given in ref.  14



Tab] e 7. Line positions (cm-l) and strencjt.hs (cm-2/atm. at 296K)
observed in the (100) - (000) bar]d of }12’60 .

observed uppc r I ouer
pcxi  t ion o-c J Kn Kc J Ka Kc

?912.3760 -30 8 0 8 9 5 5
2937.7f56 - 6 9 9 4 5 1 0 7 4
2 9 3 7 . 8 4 9 4  2 1 2 1 1 2 1 3 2 1 1
?981 .7558 -2? 7 4 3 8 7 2
2 9 8 4 . 6 0 8  88 1 2 2 1 1 1 3 3 1 0
2996.39445 28 1 1 0 1 1 1 2 3 1 0
2998.7293 -?7 1 1 1 1 1 1 2 2 1 0
2 9 9 9 . 6 5 1  9 3 6 4 3 7 7 0
3004.47 /6  -48 5 1 4 6 6 1
3005.2555 -43 1 1 3 8 1 2 6 7
3007.127 -70 6 4 2 7 7 1
3026.440 -154 1 0 3 7 1 1 6 6
3 0 ? 6 . 8 ? 7 4  - 6 8 1 8 9 4 5
3028.23704  0 1 1 1 1 0 1 2 4 9
3041.4315  13 1 1 2 9 1 2 5 8
3043.  ?618  7 9 3 6 1 0 6 5
3045.6966  15 1 2 3 1 0 1 3 4 9
3046.1765 -20 7 3 5 8 6 2
3047.6670  52 1 1 2 1 0 1 2 3 9
3055 .?935 1 0 0 1 0 1 1 3 9
3059. 7Z33 -: 1 0 1 1 0 1 1 2 9
3073.38063 -1 7 3 4 8 6 3
3 0 7 6 . 7 1 5 3  0 6 3 4 7 6 1
3082.7571 -16 1 0 1 9 1 1 4 8
3083.30336  0 1 0 2 9 1 1 5 7
3087.709 -29 5 0 5 6 5 2
3093.5698  32 1 2 7 6 1 3 8 5

$3097  .?935 -17 1 1 8 3 1 2 9 4
3 0 9 7 . 3 1 9 7  - 7 7 2 6 8 5 3
3100.6083 -38 717844
3105.2?87 -11 5 3 3 6 6 0

*3107 .15O8 1 0 9 2 1 1 1 0 1
3 1 0 8 . 8 8 0 ?  1! 5 3 2 6 6 1
3112.7019 -62 1 2 4 9 1 3 5 8
3113.12352  2 1 0 2 9 1 1 3 8
3113.57933  3 9 E I  9 1 0 3 8
3 1 1 5 . 2 3 6 1  - 4 1 1 3 9 1 ? 4 8
3118.9806 -14 9 2 7 1 0 5 6
3120.892 -316 1 1 7 5 1 2 8 4
3120.9659  64 1 1 7 4 1 2 8 5
3 1 2 1 . 7 8 3 5  0 9 1 9 1 0 2 8
3121.909 171 1 2 6 7 1 3 7 6
3124.1963 -131 1 2 6 6 1 3 7 7

‘ 3 1 2 5 . 1 8 3 5  3 9 1 0 8 3 1 1 9 2
3131.35017 -26 1 2 5 8 1 3 6 7
3131.4458  19 8 0 8 8 5 3
3134.63075 -1 9 1 8 1 0 4 7

* 3 1 3 5 . 0 9 6 5  - 9 9 9 0 1 0 1 0 1
3139.55545 -1 6 2 5 7 5 2
3147.9? 533 15 8 2 6 9 5 5
3148.2980  18 1 1 6 6 1 2 7 5
3148.3504  33 1 0 7 4 1 1 8 3
3148.36880 17 1 0 7 3 1 1 8 4
3149.2600 -30 1 1 6 5 1 2 7 6

*3153 .1325  50 9 8 1 1 0 9 2
3156.6946 1 3 5 8 1 4 6 9
3 1 6 4 . 0 2 9 4  2; 1 1 5 7 1 2 6 6
3164.368?7  4 1 1 4 8 1 2 5 7
3164.56604 -3 6 1 6 7 4 3
3165.7035 -2? 8 4 5 8 7 2
3170.89958  2 7 2 5 8 5 4
3171.12587  0 8 0 8 9 3 7
3175.07484 15 1 0 6 5 1 1 7 4
3175.4015 -81 1 0 6 4 1 1 7 5

‘3175.8992 -60 9 7 2 1 0 8 3
3176.49895 -17 5 2 4 6 5 1
317 f.25813  2 4 1 0 3 8 1 1 4 7
3 1 7 1 . 6 3 3  9 7 7 4 3 7 7 0
3178.3480  21 8 4 4 8 7 1
3178.95503  9 9 2 8 1 0 3 7

*3181 .0800  16 8 8 1 9 9 0
3181.533% -46 9 4 5 9 7 2

observed
strength M (o-c)Xa  R

2.10[-05 10 8.46[-08 1.15
1.58E -05 5 5.37E -07  1 .11
6.26E-06  10 3.31E-06 1 . 1 1
8.22 E-015 6 5.02E-07 1.00
1.80E-06 10 4.45E  -06 0.98
1.15E -05 8 - 6 . 7  1 . 0 6
4.30E-06 10 3.4 1.25
3.30L-06  10 2.71E-07 0 . 9 6
1.79E-05  6  1.83E-08 0 . 8 4
2.50E-06 4  3.05E-06 0 . 9 3
2.50E -06 10 9.45E-08 1.00
1.67E-06 10 - 1 2 . 6  0 . 9 5
8.61E-06  10 6.80[ -06 1.13
1.62E-05  3 0.2 1.07
1.23E-05  5 3.5 1.10
8.30E-06  4 -0.5 1.03
5.92E-06 3
3.80E - 0 6  1 5  2.2ii~06 !:ti
5.50E-06 10 -12.7 1.01
1.55E-05  5 8.2 1.16
4.50E-05 4 2.2 1.11
9.80E-06  4 0 . 9  1 . 1 0
1.05E-05  4  6.26E-06 1 . 1 5
1.90E-05  4 -1.1 1.03
1.23E-05  5 4.7 1.09
1.95E-06 10 1.33E-06 1 . 0 4
1.86[-06 10 2.98E-06 1.05
3.92E-06  3  7.12E-06 0 . 9 1
1.43E-05  2 1.20E - 0 5  1 . 0 5
1.14E-05  5  9.65E-06 1 . 1 4
1.82E-06 10 1.12E-06 1 . 1 0 ’
5.00E-06 10 1.54L-05 0 . 9 1
6.60E-06  5  3.57E-06  1 . 0 2
8.60E-06  6 -2.2 1.00
7.35E-05 2 -2.8 1.05
1.43E-04  3
7.63E-06 2  9.4;i~06 ;:;
9.1 OE-O5 5 8.07E-05 1.17
2.80E-06 10 3.66E-06 1 . 0 8
8.60E-06  4  1 .1OE-O6  1 .09
5.05E-05 4 4.6 1.12
3.12E-06  10 5.98E-06 1 . 2 7
1.84E-06 10 -7.4 1.52
1.65E-05  5 2.40E - 0 5  0 . 9 9
1.00E-05  4 4.3 0.99
4 . 3 6 [ - 0 5  2  1.09E-09 1 . 0 2
1.78E-04  3 -1.6 1.02
1.95E-05  4 5.37t - 0 5  1 . 0 1
6.22E-05 2  5.34E-05 1 . 0 6
4.50E-05 3 -0.1 1.04
4.23E-06  10 7.75E-06 0 . 9 1
3.04E-05 3  3.69E-05 0 . 9 9
9 . 1 1 [  - 0 6  4  1.23E-05  0 . 8 9
1.52F-05  5  2.32E-05 0 . 9 6
5 . 3 5 E - 0 5  4  7.58E-05 0 . 9 3
1.80E-06 15 2.11 E-06 1.14
1.55E-05  3  1.38E-05  0 . 9 6
1.57E-05  3 2.6 1.00
9.05E-05 3  8.31E-05 1 . 1 1
1.33E-06 10 1.66L-09 0 . 9 9
1.64E-04  3 1.2 1.06
2.54E - 0 5  3  1.32E-04  1 . 1 9
6.05E  -05 3 8.12E  -05  1 .01
2.30E-05 6  2.70E-05 1 . 1 1
1.41E-04  3 - 6 . 9  0 . 9 9
2.05E  -05 3  1.71E-05  1 . 1 1
1.33E-04  3 -2.8 1.03
2.46E-06 15 1.1OE-O8 1.18
2.1 OE-O6 15 1.44E -09  1.35
9.65E -05 2 -1.4 1.05
1.68[  -04 5 2.27k-04 0 . 9 4
1.16E-05  5  8 . 6 6 [ - 1 0  0 . 8 9

observed uprm lower
~mition o-c J Ka Kc J Ka Kc

3182.70395 -3 8 1 7 9 4 6
3185.14148 13 8 1 8 9 2 7
3187.53393 -9 11 5 6 126 7
3189.87758 -7 6 2 4 7 5 3
3190.94189 -7 10 5 6 11 65
3202.01296 27 9 6 4 1 0 7 3
3202.10341 12 9 6 3 1 0 7 4

‘3203.4644  21 8 7 2 9 8 1
3207.629 10 2 9 10 5 6
3209.2385 -: 4 2 3 5 5 0
3219.67618 -1 5 1 5 6 4 2
3224.4857 -40 4 2 2 5 5 1
3225.70612  1 7 1 6 8 4 5
3 ? 2 6 . 0 6 8 5  - 2 7 0 7 8 3 6
3 2 2 9 . 0 3 9 5  8 8 6 3 9 7 2
3 2 2 9 . 0 5 8 7  - 3 8 6 2 9 7 3

‘3?30.9833  24 7 7 0 8 8 1
3 2 3 2 . 3 8 8 4  7 / 8 3 6 8 6 3
3232.75604  1 9 5 4 1 0 6 5
3 2 3 2 . 8 8 7 5 1  1 9 5 5 1 0 6 4
3233.98827 -1 9 3 7 1 0 4 6
3239.6046  18 124 8 13 5 9
3242.697 0 15 3 12 16 4 13
3243.04507 13 8 2 7 9 3 6
3246.55500 -18 9 4 6 1 0 5 5
3247.853 112 6 3 4 6 6 1
3249.196?? -16 11 4 7 12 5 8
3249.47258  2 7 1 7 8 2 6

‘3256.085? -46 7 6 1 8 7 2
3258.07400 -5 8 5 4 9 6 3
3258.15855  0 8 5 3 9 6 4
3 2 6 1 . 0 1 5 4  9 104 6 11 5 7

‘3261 .8306 17 0 17 18 1 18
3262.5181 -; 6 1 5 7 4 4
3264.3538 -54 8 1 8 8 4 5
3267.2337( -16 4 1 4 5 4 1
3268.796 -159 7 3 4 7 6 1
3270.79Ts  -4 8 2 7 8 5 4
3271.6763  20 1 4 4 1 1 1 5 3 1 2
3273.4026 -13 9 4 5 1 0 5 6
3?76.7889  40 9 0 9 9 3 6
3 2 7 8 . 6 2 0 9  - 4 6 0 6 7 3 5
3279.09667  3 8 4 5 9 5 4
3282.8354 2 9  1 3 3 1 0 1 4 4 1 1

~3283.06?l  - 2 6 6 1 7 7 0
3283.7637>  4 8 3 6 9 4 5
3 2 8 4 . 1 9 4 4  - 7 7 5 3 8 6 2
3284.22476  4 7 5 2 8 6 3

‘ 3 2 8 5 . 6 7 2 3  O 16 1 16 17 0 17
13285.821 15 1 14 16 2 15
3 2 8 6 . 8 5 1 0  -71 93 6 96 3
3288.0991  60 14 3 12 15 2 13
3294.05764 -2 8 4 4 9 5 5
3295.009 -106 11 38 11 6 5
3299.8656 -43 1 2 3 9 1 3 4 1 0
3303.07565 -5 7 2 6 8 3 5
3304.6399 -42 7 1 7 7 4 4
3308.07815  7 7 4 4 8 5 3
3308.40508 -28 3 1 3 4 4 0
3309.3335 -39 10 1 9 104 6
3309.36834 -5 1 4 2 1 3 1 5 1 1 4
I 3 3 1 O . 5 2 6  6 7 6 5 2 7 6 1
3310.7923  10 6 2 5 6 5 2
3 3 1 0 . 8 5 5 4  1 7 1 3 2 1 1 1 4 3 1 2
3 3 1 1 . 5 8 4 5  8 13 3 11 14 ? 12
3313.39347  7 6 1 6 7 2 5
3314.10505  8 11 3 8 124 9
3317.27950 -4 7 4 3 8 5 4
3317.68822 -9 4 1 3 5 4 2
3 3 1 7 . 8 0 9  1 2 11 29 11 5 6
3 3 2 6 . 0 0 9 6  - 3 103 7 11 4 8
3326.04304 -7 7 3 5 8 4 4

observed
strenyth  %s (o-r)%fi R

1.59L-04 3 -[1.1 1.04
4.41E-04 3 -CI.4 1.07
2.84E-05 3  4.15E-05 0 . 9 7
4.65E-05 3 -1.1 1.06
1.7{E-04 2  1 .5 ( ’ [ -04  0 .97
7.23E -05 3  8.50E-05 1 . 0 1
2.18[ -04 5 2.55E -04 1.00
4.13E  -04 3 -3.1 0.95
1.38E-06 10 4.91E-07 1 . 0 1
3 .  OIE-05  3 2.62E-05  1 . 0 9
5.18E  -05 2 1.5 1.07
1.35E -05 8  1.12E-05  1 . 0 8
1.00E-03 2 1 . 0  1 . 0 6
1.03E-03 2 1.11
6.70E-04 3 -H 0.99
2.40[ -04 3 0.1 1.06
1.14E -03 3 2 . 7  0 . 9 7
2.?3E-06 15 3.05E -07 1.40
3.50E-04 5  5.17E-04  0 . 9 8
6.04E  -05 3  1.75E -04 0 . 9 9
2.06E-04 2 1.7 1.05
4.18E  -06 3  5.05E-06 0 . 9 5
4.40E-07  15 - 6 . 6  1 . 3 5
1 . 0 9 [ - 0 3  2 -0.4 1.06
2.89E-04 3  2.60E-04  1 . 0 2
1.24E-06 10 3.17E-07 1 . 1 7
5 . 2 4 E - 0 5  3  6.16E -05 1 . 0 4
4.25E  -04 2 0.3 1.08
2.48L-03 4 1.7 1.00
9.7>E-04 3  1.51E-03  1 . 0 3
3.78E-04 3  5.03E-04  1 . 0 2
5.38E -05 3 7.79[-05 1.00
1.27E -06 10 2.15E -06 0.86
4.94E-04 2 0.6 1.07
1.05E-05  10 6.66F-06 1 . 0 7
1.68E-04  3 -1.9 1.06
1.50E-06 15 8.32F-07 0 . 9 3
1. O?F-05  4  4 .36 [ -06  1 .03
1.28E -06 10 1.83E-06  0 . 8 8
4 . 5 0 [ - 0 4  6  8.09F  -04  0 .99
6.60E-06  10 - 7 . 6  0 . 9 7
7 . 4 0 [ - 0 4  3 -1.1 1.09
2.81E-03 3 2.49L  - 0 3  1 . 0 1
7.28E-06 4 8. IIE-06 0 . 9 6
6.20[ -03 2 5.59[ -03 1.03
2.40E-03 2 1.6 1.03
1.03E-03 2  1 . 3 0 [ - 0 3  1 . 0 2
3.18F-03 3  3.89E-03 1 . 0 2
6.90E-06 10 9.37E-06 1 . 0 1
5.1 OE-O6 10 8.83E-06 0.80
3.60E  -06 15 1.14E-06  1 . 2 7
5.30E -06 10 6.50E -06 0.98
5.62F-04 3 8.34E - 0 4  1 . 0 6
9.55E -07 5 6. OIE-07  0 . 7 2
1.00E-05  10 -3.4 0.97
1.30F-03 5 1.5 1.07
8.40E  -06 10 6.00E-06 1.05
2.60E-03 3  2.25E-03 1 . 0 2
3.00E-05 4 -4.2 1.06
2.50E-06 15 -12.2 0.75
1.90E -05 5  2.56E-05  0 . 9 5
1.03E -02 5  1.19E-02  0 . 9 9
1.68E -05 3  9.50,L-06  1 . 0 4
2.15E  -05 7  2.48E-05 0 . 9 9
7.30E-06  10 -10.8 1.01
3.53E  -03 3 1.10
1.16[ -04 4 $; 1.02
3.63E -03 4  6.76K -03 1 . 0 4
2.58E  -04 2 -7.8 1.04
4 . 5 0 [ - 0 6  6  3 . 2 2 1 - 0 6 0 . 9 8
1.30E-04  5 4.1 1.04
2.63[ -03 2 2.9 1.04



obscrveci upper louer
pos i t ion o-c J Ka Kc J Ka Kc

33? T.32931  -7 5 0 5 634
3 3 2 7 . 7 1 0 6  9 8 0 8 7 5 3
3332.52024  0 1 3 2 1 2 1 4 1 1 3

*3332.57(5 -81 1 4 1 1 4 1 5 0 1 5
333?.6045 -2? 1 ?  3 1 0 1 3 2 1 1
3333.0451  23 1 ?  2 1 0 1 3 3 1 1
3334.5614  46 1 3 1 1 2 1 4 2 1 3
3334 .6?89 6 4 3 752

*3336.8461 ; 5 5 0 6 6 1
3336.89866 -6 9 3 6 1 0 4 7
3 3 3 7 . 1 9 9 5 5  1 8 0 8 8 3 5

*3338.931 o 1 5 0 1 5 1 5 1 1 4
3 3 3 9 . 0 7 8 4  - 2 616 6 4 3
3 3 3 9 . 2 8 4 7  -15 312441
3342. ?9522 -1 6 4 2 7 5 3
3344.382 -82 1 0 2 8 1 0 5 5
3 3 4 8 . 4 4 3 6  - 9 8 3 5 9 4 6
3353.8437  10 5 2 3 5 5 0
3354.29753  4 1 1 2 9 1 2 3 1 0

*3355.605 216 1 3 0 1 3 1 4 1 1 4
3 3 5 5 . 7 5 2  5 1 9 1 8 9 4 5
3 3 5 5 . 8 7 6 4  0 12 1 11 13 2 12
3357.0195 -47 12 2 11 13 1 12
3357.034? -15 6 2 5 7 3 4
3359.1855 -15 11 4 8 12 3 9
3360.40?36 10 9 2 7 9 5 4
3 3 6 0 . 6 8 1 7  - 7 1 1 3 9 1 2 2 1 0
3361.67262 -9 6 3 4 7 4 3
3362.28353 -7 7 3 4 8 4 5
3 3 6 2 . 9 6 5 7  0 1 4 1 1 4 1 4 2 1 3
336? .9945 1 4 0 1 4 1 4 1 1 3
336t,.2314  5; 7 2 5 7 5 2
3366.99478 29 8 2 6 8 5 3
3367.342?  23 5 1 5 5 4 2
3367.64255  6 5 4 1 6 5 2
3 3 6 9 . 1 5 4 0  - 5 5 4 ? 651
3371.04885 -7 4 0 4 5 3 3
3374.0196?  o 10 2 8 11 39
3374.68305  7 5 1 5 6 2 4
3378.06426  3 12 1 12 13 0 13
3378.43755  0 11 1 10 12 2 11
3 3 7 8 . 9 1 8 ?  4 11 2 10 12 1 11
3379.66578  3 12 0 12 13 1 13
3380.46727 -6 6 3 3 7 4 4
3 3 8 5 . 6 0 1 6  - 3 10 3 8 11 2 9
3 3 8 6 . 7 5 4 0  0 13 1 13 13 2 12
3386.80781  0 13 0 13 13 1 12
3 3 8 9 . 1 5 4 4  71 1 4 2 1 3 1 4 3 1 2
3 3 8 9 . 4 6 7 5  -13 414 4 4 1
3389.660 0 1 4 1 1 3 1 4 2 1 2
3389.82792  5 7 0 7 7 3 4
3391.57133  2 9 2 7 1 0 3 8
3 3 9 1 . 8 1 3 3  - 7 8 1 7 8 4 4
3392.50712 10 5 3 3 6 4 2
3392.72536 -2 4 4 0 5 5 1
3392.94133  5 441 5 5 0
3 3 9 4 . 5 7 8 6  -12 10 4 7 11 3 8
3 3 9 5 . 8 7 8 3  -31 11 5 7 124 8
3397.21331  4 5 3 2 6 4 3
3/,oo.65088  o 10 1 9 11 2 10
3401.05340  0 11 0 11 12 1 12
3401.09236  7 11 1 11 12 0 12
:j401.4990~  0 10 2 9 11 1 10
3403.58283 -11 5 2 4 6 3 3
3 4 0 6 . 6 7 4 7  - 5 8 2 6 9 3 7
3408.85528  0 3 0 3 4 3 2
3 4 0 9 . 9 8 3 2  6 12 1 12 12 2 11
:5411 .7?09  - 1 3 12 0 1? 12 1 11
341?.341 153 1 3 2 1 2 1 3 3 1 1
3412.472!82 2 9 3 7 1 0 2 8
3[4J5.5097  - 4 5 13 1 12 13 2 11
3 4 1 7 . 1 7 1 5  -1 7 1 6 7 4 3

obs e r vcd
strer~gth  %s

3.90E-03 2
6.60[-06 10
2.48E-05 3
1.21E-04  3
5.42E-05 3
2.60E-05 10
5.1 OE-O5 8
1.69E-02 3
2.32E-02 4
l.l BE-03 2
1.43E-04  2
2.70E-06 5
4.88E-05 3
2.33E-04 3
2.46E-03 2
5.80E-06 10
1.05E-03  2
1.06E-05  3
2.94E-04  3
3.95E  -04 4
5.05E-05 10
9.1 OE-O5 6
2.20E-04 10
1.?5E-02  4
1.53E-05  4
3 . 6 9 [ - 0 5  3
8.28E  -05 3
2.09E-02 3
7.11 E-03 3
7.20E-06 4
2.82[-06 10
S.50F-05 6
1.92E-05  5
1.79 [ -05  5
1.68E-02  2
2.83L-03 3
1.71E -03 3
3.00E-04 2
3.07E-03 2
9.80E-04 4
8.70E-04 4
2.83E-04 3
2.20E-04 2
3.42E  -03 2
7.1 OE-O4 3
1.03E-05  6
3.00E-05 4
4.6E)E-06  7
3.35E-05 3
1.60E-06 10
1.87E-04  2
2.42E  -03 2
6.20E-05 3
1 . 5 0 [ - 0 2  2
1.33E-02 4
3.65F-02 3
7.63E -05 3
1.60E-05  3
5 . 1 3 [ - 0 2  3
8.38E-04 2
2.80E-03 5
9.69L-04 3
2.40E-03 4
1.07E-02 3
2.02E-03 2
4.13E  -03 2
9.25[ -05 3
3.57E  -05 3
6.90[-06 10
5.75E-04 2
2.30E-05 7
3.95E  -04 2

( o - c ) %B  R

-3.4 1.06
1.47E -09 0.85
3.04E-05 0.99
1.38E-04  1.10
8.43E-05 1.03
2.91E-05 0.95
9.14E-05 0.97

6.4 0.98
-4.0 1.01

1.4 1.05
1.21E -05 1.06
2.38E-06 0.96
3.58E-05 1.12
2.53E-04 1.05
5.29E-03 1.02
3.87E-06 1.07

-6.0 1.05
3.7 1.00
3.6 1.07

4.65E-04 1.03
4.34L-05 1.03
9.99E-05 1.07
2.99E-04 1.02

1.8 1.07
2.llE-05  1.00
2.79E-05 0.98
8.85E-05 1.05

2.6 1.05
8.85[ -03 1.02

-6.4 0.83
9.8 0.98

4.3LE-05 1.01
1.44E-05  1.02
1.54E-05  1.04
3.29L-02  1.03
1.09E-02  1.05

-3.9 1.07
6.0 1.07

1.08
1.o!i:03 1.10

-3.5 1.09
-5.6 1.08

3.57E-04  1.09
7.07t-03  1.08

-4.7 1.05
3.2 0.96
0.3 0.94

-1.4 0.91
2.96K-05  1.09

3.0 0.95
1.65E-04  1.05

4.4 1.05
5.36E-05  1.09

0.8 1.03
1.96E-02  1.03
5.89E-02 1.04
1.49L-04 1.08
1.85E-06 0.96
4.49r-o? 1.04

1.8 1.12
-6.9 1.08
-3.2 1.12
-2.1 1.09
-5.1 1.00
5.5 1.06

-4.3 1.08
1.06L-04  1.01

1.1 0.88
5.9 1.04

-4.7 1.09
1.95E -05 1.02

1.9 1.03

&3served upper (Oh’cr
pos i t ion o-c J Ka Kc J Ka Kc

3 4 1 9 . 9 5 0 4  3 7 2 5 8 3 6
3420.49755 -8 4 3 2 5 4 1
3421.7s90 -14 431 54?
3 4 2 2 . 3 3 2 9  7 9 1 8 1 0 2 9
3423.24453  2 10 0 10 11 1 11
3423.27  { ( 9  2 10 1 10 11 0 11
3424.08631  0 9 2 8 1 0 1 9

‘ 3 4 2 4 . 2 2 6 6  51 872881
3 4 3 1 .  o&45  -4 4 1 4 5 2 3
3 4 3 2 . 4 8 2 0  11 6 1 5 6 4 2
3432.83008  1 6 2 4 7 3 5
3433.7660 -35 6 0 6 6 3 3
3 6 3 3 . 8 0 0 8  8 1 1 1 1 1 1 1 2 1 0
3434.05321 -1 11 0 11 11 1 10
3435.98025  7 10 5 6 11 4 7
3436.8243  67 12211  12310
3438.041  -221 12 1 11 1? 2 10
3439.1947 -16 5 1 4 5 4 1
3439.6684 -14 4 1 3 4 4 0
3440.72258 -1 2 0 2 3 3 1
3 4 4 2 . 0 7 { 6 0  O 8 3 6 9 2 7
3442.50290 -4 4 2 3 5 3 2
3443.20353  2 8 1 7 9 2 8
3 4 4 5 . 1 5 7 [ 5  3 9 0 9 10 110
341,5.21970 - 4 9 1 9 10 010
3 ( , ( , 5 . 7 9 8 ?  12 9 6 4 9 7 3
3445.859 -166 9 6 3 9 7 2
3 4 4 6 . 8 8 4 5  - 2 8 2 7 9 1 8
34 L6.94j24  I 5 2 3 6 3 4
3447.07690 -10 3 3 1 4 4 0
3447.  ?3680 -lEJ 3 3 0 441
31, L8.9366  - 5 9 8 6 3 8 7 2
34(,8.9511  - 3 0 8 6 2 8 7 1

‘3451.9612 -42 7 6 1 7 7 0
3 4 5 6 . 7 5 3 7 {  4 1 0 1 1 0 1 0 2 9
3457.3460 1 0 0 1 0 1 0 1 9
3458.4657 -: 1 1 2 1 0 1 1 3 9
3460.0151 -16 10 5 6 10 6 5
3 4 6 0 . 7 1 7 1  - 2 11 66 12 5 7
3 4 6 2 . 5 2 4 3  21 1 1 1 1 0 1 1 2 9
3462.59086 -19 4 2 2 5 3 3
3462.81448  4 7 1 6 8 2 7
3464.7434 33 12 66 13 5 9
3465.0151 -100 12 7 6 13 6 7
3466.89443 -6 8 1 8 9 0 9
3 4 6 7 . 1 4 7 0  -14 8 0 8 9 1 9
3467.49559 -42 5 0 5 5 3 2
3470.3411  10 7 2 6 8 1 7
3475.47486 -3 8 4 5 9 3 6
3474.90700  1 7 3 5 8 2 6
3475.  C13302 -4 3 2 2 4 3 1
3475.9464 -44 10 5 5 10 6 4
3 4 7 6 . 3 4 5 9  -18 9 5 4 9 6 3
3477.101 -282 9 5 5 9 6 4
3477.7619 -22 8 5 3 8 6 2
347r.w451  - 5 4 8 5 4 8 6 3
347 f.Em6 -70 11 39 11 4 8
‘3479 .ti29 1 2 3 7 5 2 761
3480.21855 -7 10 2 9 10 3 8
3 4 8 0 . 6 2 8 1  2 9 0 9 9 1 8
3480.6538 -14 6 1 5 7 2 6
3480.7602  13 3 1 3 4 2 2
3 4 8 1 . 6 6 2 0  9 6 5 2 6 6 1
34822.2469 -12 3 2 1 4 3 2
348-6.6874 13 11 65 12 5 8
3 4 8 7 . 8 1 8 3  -11 10 1 9 10 2 8
3488.0? 182 O 7 0 7 818
3488.32053 -6 717 8 0 8
3( ,89 .0832  -7 104 7 10 5 6
3 4 9 1 . 1 7 4 5  - 8 4 0 4 4 3 1
3494.92992 -4 10 3 8 104 7
3495.17695  ? 6 2 5 7 1 6

observed
strcmgth %s

1.30E -02  6
8.41E -02 4
2.84E-02 3
5.88E-03 3
2.50E -03 4
7.50E -03 5
2.00E-03 2
3.50E-05 3
2.30E-02 5
1 . 7 9 [ - 0 4  3
8.55E-03 2
2.14E -04 2
1.25E -04 7
3.42F  -04 3
1.21E -03 2
8.65F  -05 4
3.00E-05 10
3.04E-04 3
4.60[-05 10
4.78F-04 3
3 . 1 6 [ - 0 3  2
7.67E -02  3
4.44E-03 2
1 . 7 / t - 0 2  3
5.70E-03 5
1.81[ -05 5
6.13E  -05 2
1.30[-02 8
4.51E -02 3
4.32[ -02 3
1.30E -01 5
1.28[ -04 6
4.25E -05 6
2.40E-04 2
1.04E-03 3
3.55E -04 3
8.80E-05  3
1.60E-04  4
4.02[ -05 10
2.71E -04 3
3.27E-02 3
2.81E  -02 2
7.60E -06 10
7.89E-06 10
3.90E-02 4
7 . 3 3 [ - 0 3  3
1.45 [ -03  2
8.24E  -03 3
2.17E-04  3
1.4?E-03  4
4.47E-02 3
1.59[-05 10
1.23E-04  2
1.33E-05  10
1.07E.-O4 2
2.60E -04 5
6.70E-05 10
8.90E-04 3
8.2.6E  -04 3
2.68E  -03 3
1.71E-02 4
1 . 7 / k - 0 2  2
1.?8F-03  2
1.40E-01  3
9.22[ -05 2
2.70E-04 2
6.95E -02 2
2.30E-O? 2
2.52E-04 2
6.35E  -04 2
5.26E -04 3
3.97E-02 2

( o - c ) % *  R

0.6 1.04

H i:::
-4.5 1.03
-1.9 1.10
-1.8 1.10
- 0 . 7  1 . 0 9

4.39E-05 0.97
-1.1 1.06
-3.1 1.07
-3.9 1.03
8.2 1.09
9.5 1.02
0 . 3  0 . 9 3

7.001-06 1.01
7.45E-05  0.97
2.49E-05  1.09
4.28E-04  1.11

- 7 . 2  0 . 9 9
5.08[-04 1.06
3.6EX-03 1.07

1.3 1.07
-3.6 1.02
0.4 1.10

-3.0 1.06
0.9 0.98

5.381:.05  1.08
-2.1 1.07

5.061-02 1.06
-3.2 1.04
-2.9 1.OC
5.? 1.02
4.8 1.01

-5.2 0.96
4.1 1.00
6.4 1.02
2 . 0  0 . 9 3

7.931--05 0.94
6.051” -08 0.99

3 . 8  0 . 9 7
2.951:-02  1.07

1.1 1.06
1.12[ -07 0.99
1.42[ -07 0.92

6.1 1.15
1.23E -02 1.04

1<1 1.06
-3.3 1.06

4.36[ -04 1.02
2. OIE -03 1.07

-1.2 1.07
2.63[ -05 0.93
2.14f  -04 0.90
7.16[ -05 0.99
1.64E  -04 0.95
4.93E -04 1.00
5.13E -05 1.11
1.22[ -03 0.96

1.3 0.96
0.6 0.99
2.9 1.07

-1.5 1.05
1.55E -03 1.00

-1.0 1.04
1.53E -06 1.05

-3.1 0.92
0.9 1.07
0.5 1.07
5.5 0.92

-2.1 1.07
4.0 0.93

-5.2 1.05



!51ah] e 7 cmnti nuc?d

observed up@r [oucr
pos i t ion o-c J Ka Kc J Ka Kc

3496.27971 -6 9 4 6 9 5 5
3496.38?9 -16 1 1 5 6 1 2 4 9
3496.62467 -4 5 1 4 6 2 5
3496.9172 1 1 7 5 1 2 6 6
3497.98505 - 1; 1 0 6 5 1 1 5 6
3 5 0 0 . 6 7 / 2 2  O 1 1 7 4 1 2 6 7
3500.87307 -10 9 2 8 9 3 7
3501.2?725 -4 8 4 5 8 5 4
3501.46267  0 8 1 8 8 2 7
3503.2757 -14 ? 2 1 3 3 0
3503.58072 -10 1 1 2 9 1 1 3 8
3504.34299  1 7 4 4 7 5 3
3504.46687  3 8 0 8 8 1 7
3 5 0 4 . 7 5 0 1  4 2 2 0 3 3 1
3505.86556 -3 6 4 3 6 5 2
3505.9535  - lo 3 0 3 3 3 0
3508.37903  5 1 0 5 5 1 1 4 8
3508.83606 -5 6 0 6 7 1 7
3509.55958 -11 6 1 6 7 0 7
3510.50011  7 6 3 4 7 2 5
3 5 1 1 . 4 3 0 4  - 3 1 0 6 4 1 1 5 7
3511.59395 -11 4 1 3 5 2 4
3512.61083  2 7 4 3 7 5 2
3 5 1 3 . 1 2 6 9  - 7 8 4 4 8 5 3
3513.83?02  1 7 4 4 8 3 5
3514.04553 15 9 1 8 9 2 7
3574.16499  4 5 4 1 5 5 0
3515.71368 -1 5 4 2 5 5 1
3519.84813 -2 8 2 7 8 3 6
3520.4096  11 1 2 3 9 1 2 4 8
3521.29060  1 8 3 6 8 4 5
3522.0952  43 1 0 4 6 1 0 5 5
3 5 2 ? . 2 ? 6 0 9  O 5 2 4 6 1 5
3522.7403 -27 2 1 2 3 2 1
3 5 2 ? . 7 7 6 1  1 7 1 7 7 2 6
3526.39309  7 9 5 4 1 0 4 7
3 5 2 6 . 5 6 9 0 2  6 1 0 7 4 1 1 6 5
3527.03033 -1 312423
3527.97044 -1 7 0 7 7 1 6
3529.05576  0 5 0 5 6 1 6
3529.2? 175 3 8 5 4 9 4 5
3530.07475  0 7 3 5 7 4 4
3530.75983 -8 5 1 5 6 0 6
3530.938? -61 1 0 2 8 1 0 3 7
3531.67595 -2 9 6 4 1 0 5 5
3536.18511  5 6 3 4 6 4 3
3540.04810 -18 1 1 3 8 1 1 4 7
3540.17271 -9 5 3 3 5 4 2
3540.67725  0 8 1 7 8 2 6
3 5 4 2 . 7 5 1 2  7 4 3 2 441
3!>42.89188 1 6 1 6 6 2 5
3!>43.59693 6 5 3 2 5 4 1
3!>43.7194 3 4 3 1 4 4 0
3544.16297 6 2 1 1 3 2 2
3545.99337 7 9 4 5 1 0 3 8
3547.51392 11 5 3 3 6 2 4
3548.39164 3 4 0 4 5 1 5
3548.51915 1 8 5 3 9 4 6
3550.412?8 -1 6 2 5 6 3 4
3550.43108 3 6 3 3 6 4 2
3551.75146 -11 1 0 4 6 1 1 3 9
3551.85754 0 4 2 3 5 1 4
3552.10775 -1 6 4 3 7 3 4
3552.22751 1 414 5 0 5
3552.40954 4 6 0 6 6 1 5
3552.5866 34 1 0 3 7 1 0 4 6
3552.807?2 -1 8 4 4 9 3 7
3553.7553 30 7 3 4 7 4 3
3554.7191 10 9 7 3 1 0 6 4
3554.78054 3 9 2 7 9 3 6
3557.1? 963 -2 1 1 1 2 2 0
“3557.7137 100 1 0 9 2 1 1 8 3

observed
strength %s ( o - c ) %a  R

2.45E-04  4  2.22E-04 0 . 9 5
1.57k-04  2  2.14L-06  1 . 0 9
8.00E-02 4 0 . 8  1 . 0 5
9.76E-06  10 3.33E-07  1 . 0 8
3.22[  -04 2 2.65E-06 1 . 0 6
2.75E-05 3  1.16F-06 1 . 0 4
7.61E-04 2 -1.7 0.95
1.86E-03 2  1.60E-03 0 . 9 7
6.80E-03 2
1.92E -01 4 -::; M
1.71E-04  2 - 2 . 6  0 . 8 7
1.33E-03 4  1.07E-03  0 . 9 8
1.68E-03 3 2.16E  - 0 3  0 . 9 8
6.30E-02 5 -6.7 1.02
6.30E-03  5 5.20E -03 0.95
1.03E-03  5 -5.  ?  1 .07
2.34E-04 2  1.33E-06 1 . 0 5
3.90E  -02 4 1.06
1.13F-01  2 -;:; 1.04
3.72E  -03 3  7.93F-03 1 . 0 9
9.30E-05 2  1.92E-06 1 . 0 4
3.96E-02 2 4.6 1.08
9.91E-04 2  3.21E-03 0 . 9 9
1.95E-04  2  5.28E-04  0 . 9 8
2.29E-03 2  1.79E-04  1 . 0 8
2.55E-03 5 3.6 1.00
2.28E-03 3  5.71E-03 1 . 0 2
2.83E-04 2  1.91E-03 1 . 0 0
5.7i?E-03  3 -3.5 0.95
7.20E-06 10 9.93[-06 0.59
3.78E-03 2 2.1 0.96
6.45E-05 3  7.78E-05 0 . 8 6
1.73E-02 3 -7.1 1.06
1.00E-01  3 -6.4 1.00
4.55E-03 2 - 3 . 0  0 . 9 9
2.38E-03 3  6.81E-06 1 . 0 5
7.55E-05 2  4.05E-06 1 . 0 4
1.44E-01  3 -2.6 1.01
1.36E-02 2 -5.3 0.95
1.70E-01  5 -1.2 1.02
8.48E-03 2 3. OIE-07 0 . 9 9
2.74E-03 3 2.7 1.00
5.50E-O? 8 -2.3 1.02
2.40E-04 6  2.16E-04 1 . 0 2
2.47E -04 3  4.26E-06  1 . 0 7
1.63E -02 3  1.45E-02 1 . 1 2
1.29E-04  2 - 1 . 6  0 . 8 5
7.1 OE-O3 2 2.3 1.05
2.26E -03 2 0 . 9  0 . 9 9
2.02E-02 3 -0.6 1.06
2.76E-02 3 -0.5 1.02
2.55E  -02 3  2.08E-02 1 . 0 4
7.1OE-O3 3 4.7 1.05
5.93E-02 3 0.5 1.06
1.42E-03 2  1.22E-05  1 . 1 2
4.26E-04 3  2.75E-03 1 . 1 0
7.27E-02 10 - 3 . 1  0 . 9 9
1.97E-03 2  3.92E-06 1 . 0 5
2.72E-02 2 3.5 1.07
1.70E-03  6  4.86E-03 1 . 0 1
1.llE-04 3  4.86f-06  1 . 0 4
4.95E-02 3  5.75E-02 1 . 0 3
7.47E-02 2  5.2?E-04 1 . 1 0
2.22E  -01 4 3.3 1.07,
1.00E-02  5 2 . 7  1 . 0 4
1.56E-04  3 -5.3 0.87
3 . 9 5 [ - 0 3  2  2.91E-07 1 . 0 9
5 . 7 5 E - 0 3  4  8.25E  -03 0.93
5.22E-05 2 3.63E  - 0 6  1 . 0 0
2.23E-03 3 1.8 0.95
5.51E-02 2 -1.5 1.06
3.70E-06  10 2.33E-07 1 . 0 0

observed
pos i t ion o-c

3557.99948  3
3561.16374  3
3561. ?476 -12
3561.42842  6
3562.06225 -5
3563.58962  5
3564.06086 -2
3566.00486  2
3566.33036  1
3566.5336 -20
3568.79811 -6
3 5 7 0 . 0 2 2  3 9 9
3 5 7 0 . 0 4 1 8  - 3
3572.74835 -7
3 5 7 5 . 1 ? 7 { 1  3
3 5 7 5 . 6 5 6 ? 1  O
3 5 7 4 . 4 8 6 8 8  0
3576.85061  0
357 f.212EU)  - 4
3579.3445 -84
3581.88623  0
358?.02334 -8
3582.71676  5
3583.37857  3
3583.66351  1
3583.70962 -10
3 5 8 4 . 3 2 9 0  7 6
3585.24793 28
3 5 8 7 . 1 0 7 8  - 6
3 5 8 7 . 4 8 8 6 9  1
3587 .97548  0
3589.7973 -43
3 5 9 0 . 2 3 8 2 6  6
3590.86206  1
3591.3473  18
3591.60916  3
3591.68990  4
3593.79124  0
3 5 9 5 . 4 8 2 7  - 4
3 5 9 5 . 9 6 2  6 7
3596.23775 -12
3598.13526 -1
3598.60312  2
3598.97647 -9
3 5 9 9 . 3 9 1 9  - 3
3599.52010  4
3 5 9 9 . 9 9 5 3  0
3600.9572 -20
3 6 0 1 . 0 2 6 7  - 2
3603.02545 -2
3 6 0 4 . 6 5 3 0  - 7
3607. ?625 -8
3608.3EM21 O
3608.4148?  3
3612.02330  5
3614.30042 -3
3615.23625 -6
3615.3284 -23
3615.64478 -11
3618.0062 -19
3618.0402 -70
3 6 1 8 . 2 2 9 7  - 4
3619.4312 -51
3619.91611 -2
3623.20275  1
3624.12387 -6
3624.60074 -5
3625.17928  3
3 6 ? 6 . 2 0 5 6  6
3630.76611  6
3630.83037  4
3634.98243  4

uf +*  r loucr
J Ka Kc J  Ka Kc

9 3 6 9 4 5
5 2 4 5 3 3
5 1 5 5 2 4
5 1 4 441

1 1 4 7 1 2 3 1 0
1 1 0 2 2 1
75 3 84 4
7 1 6 7 2 5
7 4 3 8 3 6
3 0 3 4 1 4
4 2 3 4 3 2
9 8 2 1 0 7 3
98 1 10 7 4
8 2 6 8 3 5
7 5 2 8 4 5
3 2 2 3 3 1
31 3 4 04
5 0 5 5 1 4
4 1 4 4 2 3
3 2 1 3 3 0
8 7 2 9 6 3
8 7 1 9 6 4
4 22 43 1
322 4 1 3
2 0 2 3 1 3
7 2 5 7 3 4
4 3 2 5 2 3
6 4 2 7 3 5
5 2 3 5 3 2
6 1 5 6 ? 4
6 2 4 6 3 3
4 0 4 3 3 1
3 1 3 322
76 2 85 3
6 0 6 5 3 3
7 6 1 8 5 4
71 6 64 3
5 0 5 4 3 2
6 5 2 7 4 3
8 8 1 9 7 2
5 4 2 6 3 3
2 1 2 3 0 3
6 3 3 7 2 6
6 5 1 7 4 4
7 3 4 8 2 7
4 0 4 413
21 2 22 1
1 0 1 2 1 2
5 3 2 625
5 1 4 5 2 3
8 1 8 7 2 5
5 4 1 6 3 4
7 7 1 8 6 2
7 7 0 8 6 3
4 1 3 422
2 1 1 2 2 0
3 1 2 3 2 1
2 2 1 3 1 2
4 3 1 5 2 4
303 3 1 2
6 6 1 7 5 2
6 6 0 7 5 3
3 3 1 422
0 0 0 1 1 1
1 1 1 2 0 2
5 5 1 642
93 6 10 2 9
5 5 0 6 4 3
4 4 1 5 3 2
2 0 2 2 1 1
4 4 0 5 3 3
3 3 0 4 2 3

observed
s t r e n g t h  %s ( o - c ) %a  R

1.46 [ -03  2 -5.1 0.95
1.41E -02 3 -2.6 1.03
1.63E-02  2 01.6 1.05
1.25E -04 2  1.24E-05  0 . 8 3
5.80L-05 3 9. OIE-06 1 . 0 4
1.98[-01 4 0.6 1.08
4 . 1 9 [ - 0 3  2  1.19E-06  1 . 0 6
1.7/E-02 4 3.0 1.02
5.11  E-02 2  1.55E-05  1 . 1 0
2.67t-01  2
5 . 5 1 [ - 0 2  3 -::; M
1.1 OE-O5 4 3.90E-07 1.10
3.20E  -05 3  1.17E-06  1 . 0 7
2.23E-03 3
1 . 0 7 [  - 0 2  2  1.9~;~05  !:;;
1.57E-02  2 -8.2 1.03
7.2?E-02 5 -4.6 0.99
5.92E  -02 3 6.8 1.09
7.13E-02 2 -3.6 1.0?
5.50E-02 10 4 . 8  1 . 1 5
2.66E-04 3  1.95E-05  1 . 0 6
8.40E  -05 3  6.51E-06 1 . 0 0
2.20E  -02 2  2.07E-02 1 . 0 3
1.25E -02 4  1.46F-02  1 . 0 9
8.90[-0? 3 6.9 1.08
1.60E -02 3 -2.4 0.98
3.85E  -05 4  6.57E-03 1 . 0 2
4.30E  -02 3  2.97E-05  1 . 0 4
4.33E-02 2  5 . 1 2 [ - 0 2  1 . 0 2
1.32E-02  4 -1.8 0.98
1 .  OIF-02  3 - 7 . 8  0 . 9 8
3 . 3 8 [ - 0 5  3 -2.6 1.19
3.05E-02 2 -0.9 1.07
6.40E-04 4 2.  OIE-05 1 . 0 6
2.28E-05 6 0.5 1.07
1.98[ -03 2 6.2?[ -05 1.09
4.16E-05 3 1.82[  -05 1.49
1.31E-04  3 4.5 1.22
1.50E-O?  10 1.65E-05  1 . 0 9
3.30E  -05 10 1.17E-06  1.01
1.35E-01  3 1.32E - 0 4  1 . 0 5
1.97E-01  3 4.8 1.11
6 . 5 5 [ - 0 2  2  6.55L-05 1 . 1 0
4.70E  -03 5  4.80E-05 1 . 0 7
1.70E-02 6  4.00E-06 1 . 1 6
3.35E-02 3 -0.1 1.05
7.50E -02 10 - 5 . 6  1 . 0 1
2.23E  -01 3 3.7 1.07
1.40E-01  6 1.50[  -03 1.04
8.30E-02 3 0.5 1.04
1 . 9 5 [ - 0 5  3  5.141; -07 1 . 5 5
2.18E-01  3  1 .141 -03  1 .06
8.70E-05 3  9.97E-06 1 . 0 8
2.61E-04 2  2.991;  -05 1 . 0 8
4.55E  -O? 2 4.3 1.07
3 . 6 X - 0 2  2 -2.1 1.05
1.63E-01  4 7 . 6  1 . 1 3
1.68F-02  3  2 .281 -02  1 .07
1.03E-02 3  1.25E-03  1 . 0 8
1.63E-01  3 2.1 1.04
1.47E -03 5 6.371-06 0.96
5.23E-04 5  2.081:-06  1 . 0 2
3.84E-04 10 1.781:-03  0 . 8 7
5.56E  -02 6 9.4 1.13
3.20E-02 3 -0.2 1.05
3.62E-03 2 8.781.-05 1.08
5.17E-04 2  8.641:-05  1 . 1 3
1.12E -02 4 2.62[. -04 1.13
2.59E-01  2 1.361.-03 1.08
7.40E-02 4 6.0 1.08
6.77E-02 3 4.32[”-04 1.09
7.72E-03 2  3.98~”-03 1 . 0 6



!l’abl e 7 c:ont i nued

observed
pos i t ion o-c

3638.08202  0
3639.9335 -24
3643.90321 -4
3644.32395  3
3648.66751 -lo
3652.38805  0
3660.37585 11
3661 .67?12  21
3662.15295 -8
3663.0452? -2
3 6 6 4 . 3 0 5 2  - 8
3665.41892  3
3665.83030 -7
3665.89647 -2
3674.69680 .4
3678.24251 -3
3680.37349 -5
3681.09930 -1
3 6 8 1 . 2 8 9 4 2  5
3681.33985 -1
3681.90366 -1
3682.56867  1
3682.95425  1
3 6 8 3 . 6 0 7 7  2 0
3 6 8 3 . 7 5 7 2  2
3683.8483  75
3687.536?  59
3690.63101  0
3691.06230 11
3691.39775 -38
3 6 9 2 . 4 9 1 0  - 4
3 6 9 3 . 2 9 3 4  -15
3694.79355  3
3 6 9 6 . 4 6 2 4  - 6
3 7 0 0 . 0 3 8 4  - 7
370?.58?2 -13
3 7 0 3 . 5 9 0 8  6
3705.43792
3705.49098 -;
3705.75013  7
3 7 0 6 . 4 1 7 0 3  7
3706.61870  7
3706.6664
3 7 0 7 . 4 2 7 4 8  ;
3708.65082  6
3709.19805 -?
3711.10?44 -13
3711.8755 -33
3713.15863 11
3713.75500 -2
3 7 1 4 . 8 8 1 0  - 2
3 7 1 5 . 3 4 9 2  6
3716.07409  1
3 7 1 6 . 3 1 3 3  - 4
3716.59711 -1
:$718.8805 - 4 0
3721.8520 -30
3 7 ? 3 . 1 4 9 7  - 3
3723.18843  7
3723.83070 -4
3 7 2 4 . 1 8 8 3  7
3 7 2 6 . 4 4 8 8  - 3
3 7 2 6 . 4 7 6 7  1
3728. ?674? 7
3728.9097 (  -7
3730.08970  0
3750.47667 5
3 7 3 1 . 0 7 0 7  - 8
3752.73869  5
3754.0782 -35
37L0.3931  4
3740.81353 -6

upper ( ower
J Ka Kc J Ka Kc

1 0 1 1 1 0
4 2 2 5 1 5
1 0 3 7 1 1 2 1 0
1 0 5 6 1 1 2 9
5 2 3 6 1 6
6 4 3 5 5 0
3 1 3 2 2 0
5 1 5 4 2 2
5 3 3 4 4 0
6 2 4 7 1 7
1 1 3 8 1 2 2 1 1
414 3 2 1
5 3 2 4 4 1
4 2 3 3 3 0
1 1 0 1 0 1
9 4 6 1 0 1 9
2 1 1 2 0 2
7 4 4 8 1 7
524 431
4 2 2 3 3 1
7 2 5 8 1 8
6 3 4 541
1 0 4 7 1 1 1 1 0
8 2 7 7 3 4
1 0 6 5 1 1 3 8
7 4 3 6 5 2
8 5 4 9 2 7
3 1 2 3 0 3
4 2 2 413
3 2 1 3 1 2
3 1 2 2 2 1
1 1 1 0 0 0
2 2 0 2 1 1
523514
735642
7 3 4 7 2 5
5 3 3 6 0 6
6 3 3 6 2 4
4 3 2 5 0 5
413 4 0 4
8 3 5 8 2 6
6 2 4 6 1 5
6 3 4 7 0 7
5 3 2 5 2 3
1 0 4 6 1 0 3 7
? 2 1 2 1 ?
2 1 2 1 0 1
3 0 3 2 1 2
3 3 1 4 0 4
7 3 5 8 0 8
5 4 2 6 1 5
9 4 6 8 5 3
4 3 1 4 2 2
9 3 6 9 2 7
3 2 2 3 1 3
8 4 4 8 3 5
7 2 5 7 1 6
9 2 7 1 0 1 1 0
3 3 0 3 2 1
8 3 6 9 0 9
5 1 4 5 0 5
3 1 3 2 0 2
4 2 3 4 1 4
7 3 4 6 4 3
3 3 1 3 2 2
7 4 3 7 3 4
4 3 2 4 2 3
1 0 3 7 1 0 2 8
4 0 4 3 1 3
5 3 3 5 2 4
6 4 2 6 3 3
4 1 4 3 0 3

observed
strength %s ( o - c ) %a  R

1.90E-01  2
2.80E-02 6
3.88E-05 3
5.55E-05 4
4.98E-02 3
2.02E-04 3
1.69E-03  2
4.21E-04 2
1.75E-04  2
2.15E-03 2
2.78E-05  3
3.51E-03 2
8.65E-04 2
2.31E-03 3
1.83E-01  2
7.80E-05  2
6.68E-02 4
2.67E-04  2
7.03E-04 3
1.09E-03  ?
1.60E-03  2
4.78E-04 2
7.90E-05 3
6 . 3 0  E--O5 3
7.00 E.-O6 8
1.35E-05  7
1.49E”04  5
1.46E-01  10
1.57k-02 5
1.05E-01  4
1.34E -02 7
4.02E-02 2
2.55E-02 4
1.07E-01  3
7.1 OE-O5 7
2.56E-02 10
1.00E-03 10
4.00E-O? 4
3.07t-03  6
2.77E-02 3
2.67E-03 3
1.27E-02  6
2.20E-03 4
4.31E-03 2
2.14E-04  6
5.35E-02 3
1.47E -01 3
1.1 OE-O1 5
3.88F-04 ?
3.17E -OfI 2
1.1 OE-O3 10
5.46E-06 5
2.57k-04 2
2.24E  -03 3
1.97E-02 2
3.74E-03 10
1.37L-02 10
1.50E-04  10
1.15E-03 3
4.04E-04 2
3.89E-02 4
4.75E-02 2
4.44E-02 3
5.63E  -05 3
2.09E-03 4
4.24E-O? 3
1.64E-02 3
1.86E-04  3
3.42E-02 2
5.90E-03 7
4.41E-02 3
1.21E -01 ?

6.1 1.02
3.16E-04 1.01
2. OIE-05 1.15
3.00E-05 1.06
3.58E-05 1.07
1.76E-04  1.06

1.1 1.11
3.32E-04 1.20
2.92E-04  1.16
1.76[-05 1.16
3.20E-05 1.16
3.22E-03 1.15

-4.0 1.14
2.74E-03 1.14

4.9 1.07
2.7>E-05 1.14

7.5 1.10
1.33E-05  1.10
8.32E-04 1.15

-2.3 1.13
1.58E-04  1.16
8.27E-04 1.24
5.86E-05 1.13
2.44E-05 1.49
1.33L-05 1.38
1.45E-04  0.99
2.25E-05 1.14

8.8 1.11
3 . 7 / E - 0 2  1.16
1.33E-01  1.11

-5.9 1.10
4.0 1.05

3.24E  -02 1.06
6.87E  -02 1.05
1.36E-04  1.23
1.45r-02  1.01
3.94 E.-O7 1.12
9.63E-03 1.07
3.86E-05 1.14

9.0 1.11
1.92E-03  1.02
1.08E-02  0.99
6.49E-05 1.31
4.53E-02 1.09
1.69E-04  0.93
6.52E-02 1.11

8.0 1.10
2 . 6  1 . 1 0

2.59E  -05 1.14
4.92E-05 1.16
3.llE-06 1.18
3.45E-06 1.43
1.88E-02  1.16
1.89E-03 0.97
2.33E-02 1.09
1.26E-03  1.02

7 . 5  0 . 9 6
3.5 1.10

4.9W-02  1.?4
1.72E-04  1.19

1.7 1.05
5.4 1.09

5.18E -02 1.05
5.9of-04  1.51
1.60E-02  1.12
8.35E -03 1.02
4.97t  -o? 1.09

? . 8  0 . 9 3
-4.0 1.05

1.15E-02 1.03
5.43E-03 1.04

4.5 1.11

observed upper loucr
pos i t ion o-c J Ka Kc J  Ka Kc

3 7 4 3 . 5 6 5 6 2  1 6 1 5 6 0 6
3745.48568 0 6 4 3 6 3 4
3746.3228 11 2 2 1 1 1 0
3747.42919 -2 5 4 1 5 3 2
3 7 4 7 . 4 9 3 9  15 9 5 4 9 4 5
3748.21051 -1 7 3 5 7 2 6
3748.3917 -32 11 38 11 2 9
3750.27813  3 8 4 5 8 3 6
3 7 5 0 . 9 5 5 9  - 9 4 4 0 431
3 7 5 1 . 4 6 9 7  - 6 5 0 5 414
3752.138 -67 6 2 5 6 1 6
375?.50069 -8 4 4 1 4 3 2
3752.83227 -6 2 2 0 1 1 1
3 7 5 3 . 6 5 2 3  5 10 5 6 104 7
3753.8186? -2 5 4 2 5 3 3
3755.02946  6 9 4 6 9 3 7
3755.40372  0 5 1 5 4 0 4
37>7,62852 -1 8 5 3 8 4 4
37>8.39891 -1 8 3 6 8 2 7
3758.62003 -6 9 2 7 9 1 8
3761.58471 -1 8 3 5 7 4 4
3 7 6 1 . 6 7 5 8 5  1 10 4 7 10 3 8
3762.1713  17 7 1 6 7 0 7
376?.8142 -11 12 5 8 12 4 9
3763.69972 5 3 2 2 2 1 1
37ti.59916 8 7 5 2 7 4 3
3767.46440 -1 95 5 94 6
3768.09248 -4 7 5 3 7 4 4
3768.6898 -1 606 5 1 5
3768.94027 -1 6 5 1 6 4 2
3710.45539 0 6 1 6 5 0 5
37{1.56285 O 5 5 0 5 4 1
3771.76962 -9 5 5 1 5 4 ?
37{2.50993 4 10 64 10 5 5
3774.05338 -4 6 1 5 5 2 4
37{4.4378 -6 12 2 10 13 1 13
37(4.47589 2 126 7 12 5 8
37/6. C17016 -2 10 28 10 1 9
37{/.94925 -3 4 2 3 3 1 2
3778.26175 0 10 6 5 10 5 6
37{9.15124 -1 9 6 3 9 5 4
3781.40069 7 9 6 4 9 5 5
3781.80144 -1 8 ?  7 8 1 8
378?.6320 -3 103 8 10 2 9
37&3.75063  5 8 6 2 8 5 3
37EM.4602 -46 8 6 3 8 5 4
3784.93216 -3 707 6 1 6
3785.26758 1 3 2 1 2 1 2
3785.68771 -5 7 1 7 606
3787.12693 -? 7 6 2 7 5 3
3789.24375 0 6 6 0 6 5 1
3789.27142 -2? 6 6 1 6 5 2
3789.63483 -2 5 2 4 4 1 3
3790.4312 -15 11 74 11 6 5
3791.8?18 15 11 7 5 11 6 6
3791.95625 -9 1 1 2 9 1 1 1 1 0
3793.4907 -lo 1 0 1 0 1  1 0 9 2
3795.16811  0 10 7 3 10 6 4
3795.50326 -5 7 1 6 6 2 5
3795.64228  2 10 74 10 6 5
3795.79848 -4 9 1 8 9 0 9
3796.89442 -2 9 2 8 9 1 9
3798.58304 -2 3 3 0 3 0 3
3798.80066  0 9 7 2 9 6 3
3798.93532  0 9 7 3 9 6 4
3799.04741  3 3 3 1 220
3799.93351 -1 6 2 5 5 1 4
3800.44303 -6 3 3 0 2 2 1
3800.81936  0 8 1 8 7 0 7
3800.8780? -8 8 0 8 7 1 7
3803.833 126 7 7 0 7 6 1
3 8 0 4 . 2 0 0 6  0 12 84 12 7 5

observed
s t r e n g t h  %s ( o - c ) %a  R

6.10[ -03 8 3.9 1.07
3.00F-02  5 1.62E-02 1.03
1.19E-01  2 -3.3 1.11
3.1 OE-O1 2 2.65E-02  1.08
2.75E-03 10 9.59L-04 0.96
2.31E-03  3 2.89E-03 1.03
1.35E-04  10 -5.1 0.96
5.12E -04 4 3.24F-03 0.98
1.50E-01 3 9.87E-03  1.09
8.00E-O?  3 -1.3 1.09
1.53E-02  10 -1.0 1.10
5.50[-01 3 2.97E-02 1.07
3.1 OE-O2 6 3.48E -02 0.95
3.7{L-04 3 3.24E-04 1.03
1.74E-01 3 8.94E-03 1 . 0 5
1.53E-04  2  3.86E-04  0 . 9 3
2.70E -02  2 -3.2 1.06
2.78E -03 4  9.06E-04  1 . 0 2
3.00E  -03 3 3.38E  -03  1 .02
1.48E-03 3 5.7 0.99
7.02[ -06 3 9.86E -05 1.72
2.05[ -04 2 3.69E-04  0.93
7.25E-03 2 0.5 1.00
2.80E-06 2 2.571,-05 0.77
3.13[ -02 3 0.9 1.10
2.02E -02 2 6.651” -03 1.09
2.05E -03 2 3.39[”-04 1.00
7.56E -03 4 2.27[. -03 1.07
1.63E -02 4 -2.6 1.09
1.llE-02 2 4.32[ -03 1.04
5.30E-02  5 4.0 1.16
4.02E-02 6 1.67[ -02 1.10
1.32[ -02 3 5.591:-03 1.07
1.52E-04 2 9.01[:-05 0.99
4.68E-03  2 -4.6 1.14
1.64E-06 10 6.80E -06 1.21
5.16E -05 2 2.18[ -05 0.91
1.33E -04 2 1,8 0.93
6.45E-02  2 1.0 1.08
5.16E-04 2 2.84E -04 0.99
1.40E-03 5 8.tAE -04 1.04
4.67E-04 2 2.94E -04 1.00
2.59E-03 2 7.9 1.00
3.?6E-04  2 -2.7 0.94
1.llF-03 2 7.79E -04 1.06
3.23E-03 10 2.36E -03 1.00
2.70E-02  3 3.4 1.18
9.41E-02  2 5.72E -02 1.1?
8.78[-03 2 0.1 1.14
2.09E-03 2 1.68E -03 1.06
2.74E-03 2 2.40E -03 1.11
8.13E-03  2 7.19E -03 1.10
1.30E-02 2 0.3 1.07
5.68E-05 2 -0.4 0.97
1.89E-05 4 -2.0 0.95
1. OIE-04 2 4.5 0.90
3.52E -06 4 7.99E -05 1.09
6.28[-05 4 1.4 1.03
7.42[-03 3
1.80E-04 2 -u u
9.55E-04  3 7.53E -04 0.98
2.93E-04 3 2.39E -04 0.94
9.27E-04 2 1.1 OE-O3 1.0?
4.89F-04 2 -6.1 1.01
1.53E -04 6 1.74E-04 0.95
4.25E-02  3 5.?4E-02 1.11
2.1OE-O2 2 1.09
1.64E-01 2 ::: 1.13
1.18[-02 3 2.2 1.18
?.33E-03 3 3.83E-03 1.15
2. OIE-03 2 2.37E-03 1.06
2.05E-06 10 4.0 1.06



!l’ab]e ‘/ Cent-ihued

observed uppc r (ouer
pos i t ion o-c J  KDKC J Ka Kc

3804.4962 -16 1 2 8 5 1 2 7 6
3804.7s85 2 1 2 3 1 0 1 2 2 1 1
3808.0779 7 1 1 8 3 1 1 7 4
3808.167 -120 1 1 8 4 1 1 7 5
3808.17?8 -22 4 4 0 5 1 5
3808.989.? 24 5 4 1 6 1 6
3810.2363 29 7 5 2 8 ? 7
3810.32570 5 7 2 6 6 1 5
3811 .?36 -61 1 0 8 2 1 0 7 3
3811.7971 6 1 0 2 9 1 0 1 1 0
3813.7991 -10 9 8 1 9 7 2
3813.8034 0 9 8 2 9 7 3
3813.98079 1 8 1 7 7 2 6
3815.54495 -6 9 0 9 8 1 8
3815.6885 8 9 1 9 8 0 8
3818.68263 4 4 3 2 3 2 1
*3823.844 48 1 1 9 2 1 1 8 3
3824.28073 -4 4 2 2 3 1 3
38?5.55220 -1 431 3 2 2

*38?5.6941 1 0 9 2 1 0 8 3
3826,07851 -: 1 1 1 1 0 1 1 0 1 1
3826.4163 -56 1 1 2 1 0 1 1 1 1 1
“38?7.1806 -10 9 9 0 9 8 1
3828.59021 -3 5 3 2 5 0 5
3828.9926 -10 5 5 0 6 2 5
3830.15211 -2 10 0 10 9 1 9
3830.21929 -13 10 110 9 0 9
3830.36670 0 9 1 8 8 2 7
3834.21419 5 9 2 8 8 1 7
3834.5081 36 5 3 3 4 2 2
3841.48?7 -16 12 2 11 12 1 12
3844.3517 46 1 1 0 1 1 1 0 1 1 0
3844.4042 -?9 11 111 10010
3845.40158 2 1 0 1 9 9 2 8
3846.39921 -6 6 3 4 5 2 3
3847.26742 2 1 0 2 9 9 1 8
3849.5793 16 4 4 0 3 3 1
3849,59904 -5 441 3 3 0
3853.57572 -14 5 3 2 4 2 3
3855.0453 4 7 3 5 6 2 4
3856.78385 4 5 4 1 514
3857.6?422 -10 12 1 12 11 0 11
3859.03617 -4 6 4 2 6 1 5
3859.30147 0 4 4 0 4 1 3
3860.5168 45 1 1 2 1 0 1 0 1 9
3861.5147 -7 6 3 3 6 0 6
3867.5295 -19 9 3 7 8 2 6
3868.23225 -3 7 4 3 7 1 6
3871.08168 7 523414
3875.72440 -4 5 4 1 4 3 2
387.3.94422 -8 5 4 2 4 3 1
3888.8? -522 1 2 3 1 0 1 1 2 9
3892.00?51 -7 6 3 3 5 2 4
3893.77003 9 5 5 1 4 4 0
3893.79629 -6 5 5 0 4 4 1
3897.97582 -1 6 4 2 5 3 3
3898.7491 48 7 3 4 7 0 7
:5$1o2.44078  .3 7 4 4 6 3 3
3905.80763 -1 9 5 4 9 2 7
3906.49242 1 8 5 3 8 2 6
3910.17943 14 441 414
3913.0413 -78 9 4 5 918
3913.42639 -2 7 5 2 7 2 5
3913.4401 -3 10 5 5 10 28
3914.03749 4 8 4 5 7 3 4
3916.3792 51 6 5 2 5 4 1
3916.60601 -5 6 5 1 5 4 2
3921.10308 1 9 4 6 8 3 5
3922.89902 8 6 ? 4 5 1 5
39?3.46764 O 7 4 3 6 3 4
3923.94709 2 6 5 1 6 2 4
39?4.88295 -9 1 0 4 7 9 3 6

observed
strength Xs ( o - c ) %a  R

5.45E-06  3
1.55E-05 6
2.09E-05 2
7. IOE-06 10
3.62E-05  10
8.23E-05  4
1.83E-05 3
3.30E-03  2
2.20E-05 5
2.70E -04 2
1.51E-04 2
5.06E-05 2
1.09E-03 2
4.17E-03  3
1.40E-03 10
9.66E-02  2
7.90E-06  7
9.85E-02  2
7.88E-02  ?
2.18E-05  2
7.25E-05  2
2.68E-05 10
3.82E-05  4
2.22E-02 3
1.58E-05 4
4.22E-04 2
1.29E-03 2
1.14E-03 2
4.02E-04 2
1.62E-02 6
1.65E-05  10
2.95E-04 6
1.03E-04 2
1.00E-04 2
2.04E-02  3
3.15E-04 2
3.32E-02  3
1.47E-01 5
4.95E-01 3
2.44E-03 2
2. O?E-O? 4
4.87E-05  4
6.39E -03 2
3.28E-03  2
1.68E-05  10
8.95E-03  10
1.83 F--O4 2
9.36E-03  3
4.68E-02  2
2.40E-01 4
1.8&-ol 3
4.60E-07  UL.
1.09[-01 2
5.1 OE-O4 2
1.39E-03 4
7.29E-02 2
2.1 OE-O3 6
1.75E-02 2
4.07t-04  2
2.42E-04 2
2.24E-03 3
3.45E-04 4
7.85E-04 2
6.00E-05 10
8.95E-03  3
1.50E-02 8
4.lIE-03  3
4.95E-04 2
1.88E-03 2
9.95E-02  2
1.82E-04 2
2.00E-04 10

-8.3 0.94
1.91E-05 0.85
1.74E-05 1.02
5.81E-06 1.04
1.72E-06 1.17
1.76E -06 1.25
6.96E-07  1.44
2.97E-03 1.12
1.48[-05 1.0[
1.70E-04 0.8$
9.19E-05  1.05
3.06 E--O5 1.05
8.86E-04 1.12

-2.2 1.15
-1.8 1.16
1.0 1.14

4.88E-07  1.04
8.93E-03  1.0$
3.19E-02  1.14
5.42E-06 1.05
2.92E-05 0.81
9.41E-06  0.91
2.16E-05 1.01
1.2tE-03 1.05
3.58E-06  1.3C

-3.8 1.17
-2.1 I.IE!

6.33[-04 1.14
2.31E-04 1.10

-3.6 1.08
2.32E-06  0.8$
-10.4 1.1?
-5.9 1.23

2.38E-05 1.12
2.31E-02 1.06
7.81E-05 1.11
6.66E -O? 1.05
1.99E-01 1.06
4.97E-02  1.08
3.09E-03  1.07
1.14E-03 1.06
6.24E-05  1.16
3.915E-04 1.07
1.69E-04 1.09
1.07t-05 0.97
1.04E  -03 1.05
2.09E-05  1.05
3.12E-03  1.08
8.90E-03  1.08
6.41E-O?  1.02
2.llE-02  1.05
5.36E-06  0.27
4.36E-03  1.06
2.49E-02  0.87
7.46E-02 0.81
9.05E -03 1.08
1.88E-03 1.13
2.68E-03  1.05
6.84E-04  1.05
3.29E-04 1.11
4.32 E-OIi 1.09
9.88E-04  1.33
1.04E-03 1.11
1.23E-04 1.25
1.90E-03  1.00
3.33E-02  1.14
1.12E  -02 1.00
1.04E-04 0.98
1.20[ -03 1.09
9.70E -03 1.05
2.58t-04  1.12
2.85E-05  0.88

observed uf~r 1 owe r
pm. ition o-c J KaKC J Ka KC

3926.9044 25 11 4 8 10 3 7“
3928.8135 -13 12 4 9 11 38
3931.16133 0 5 4 2 5 1 5
3932.0805 -30 7 3 4 6 2 5
3935.39346 0 5 5 0 5 ? 3

● 3935.800 -lo 6 6 1 5 5 0
3938.05622 -2 7 5 3 6 4 2
3939.11133 -lo 7 5 2 6 4 3
3945.2648 -19 8 3 5 8 0 8
3945.4041 -80 12 66 12 3 9
3948.83689 17 11 6 5 11 3 8
3952.34433 4 8 4 4 7 3 5
3953.7820 -13 104 6 10 1 9
3958.14097 1 7 6 2 6 5 1
3958.17712 -2 7 6 1 6 5 2
3958.21998 -2 8 5 4 7 4 3
3965.69558 12 5 5 1 5 2 4
3967.56207 4 6 3 4 5 0 5
3975.5297 20 9 6 3 9 3 6
3973.8088 26 6 5 2 6 2 5
3974.75301 3 1 0 5 6 9 4 5

● 3974.9680 -32 7 7 0 6 6 1
3976.57377 .3 9 5 5 8 4 4
3978.81409 5 7 2 5 6 1 6
3979.72046 -3 8 3 5 7 2 6
3979.79188 -5 8 6 3 7 5 2
3979.99545 -3 8 6 2 7 5 3
3982.28982 4 5 4 2 413
3985.02062 -1 9 5 4 8 4 5
3985.07838 -2 11 5 7 104 6
3986.00571 0 9 4 5 8 3 6
3986.22833 4 7 5 3 7 2 6
3988.75786 24 125 8 11 4 7
3W2.52001 -4 4 4 0 3 1 3
3W5.0068 -11 6 4 3 5 1 4
3997.0745 -27 8 7 2 7 6 1
3W7.0803 118 8 7 1 7 6 2
3W8.06658 10 9 3 6 9 0 9
4000.46W3  O 9 6 4 8 5 3
4001.28186 -4 9 6 3 8 5 4
4003.85666 -27 8 5 4 8 2 7
4004.4195 21 7 6 1 7 3 4
4010.5237? -3 1 0 5 5 9 4 6
4011.12236 17 7 3 5 6 0 6
*4011.7549 -16 8 8 1 7 7 0
4012.23136 -4 8 4 5 8 1 8
4016.3279 33 6 6 0 6 3 3
4018.5392 31 9 7 3 8 6 2
4018.5723 5 9 7 2 8 6 3
4019.68314 -11 1 0 6 5 9 5 4
4021.08398 2 7 4 4 6 1 5
4022.23450 -4 1 0 6 4 9 5 5
4027.9645 56 9 5 5 9 2 8
4028.89812 39 6 6 1 6 3 4
4030.0795 13 7 6 2 7 3 5
4030.5690 1 0 4 6 9 3 7
4031.4032 21 5 4 1 414
4032.6345 -16 9 3 6 8 2 7
4033.5116 13 8 6 3 8 3 6
‘4033.6971 13 9 8 1 8 7 2
4035.4702 63 11 74 11 4 7
4036.4? 697 -1 8 2 6 7 1 7
4036.69705 0 11 66 10 5 5
4039.23224 -7 1 0 7 4 9 6 3
‘4039.2766 9 10 10 1 9 9 0
4039.3842 -23 1 0 7 3 9 6 4
4039.W866  2? 11 5 6 104 7
4040.7501 -9 96 4 93 7
4043.34121 -6 11 6 5 10 5 6
4047.1352 -1 14 69 13 5 8
*4047 .9L29 30 9 9 0 8 8 1
4050.85335 -3 12 6 7 11 5 6

observed
strength %s

7.00E-06  3
8.00E -07 10
9.53E-04 3
2.62[-02 2
2.09E -04 2
9.7A-04 2
7.18E-03  2
1.69L-02 3
9.45E-05  ?
2.06E-06 10
1.33E-05 6
9.33E-03  2
2.30[ -05 10
9.80E-04 3
2.93E-03 2
2.34E-02 3
4.25F-05  3
3.50E-03  2
3.64E-05  6
2.06E-04 10
7.50E-03 4
6.57k-04 2
7.21E -03 2
2.41E-03  2
1.78E -03 2
3.12E-03  4
1.08E-03 3
1.67t-02 5
7.24E -03 2
2.02E-04 2
3.92E-03  3
7.24E-05 2
4.24E-05  2
1.66E-03 2
3.33E-02  3
8.?OE-04  2
2.90E-04 2
4.70F-05  3
8.25E-04 2
2.37E-03  2
1.45E-04 2
3.44E-05  3
9.52E-04  2
7.95E -04 3
2.91E -04 3
3.7r-E-05  5
5.38E-06  7
2.36L-04 3
7.22E-04 3
1.42E-03 2
3.68E-03  3
4.28E-04  2
1.65E-05 3
1.65E -05 3
9.60E-06  7
4.57k-04 2
6.25E-03  2
1.69E-03 4
2.63E -05 5
2.98E-04 3
1.33E-06 10
4.53E-04  3
2.35E-04 2
4.28E-04 3
3.50E-06 10
1.4?E-04 2
7.9?E-04 2
5.05E-06  4
5.06E-04 ?
9.30E-06  5
8. OIE-05 2
3.40L-04 3

( o - c ) %a R

2.3!>E-07  0.79
1.42F-11 0.47
3.27E-04  1.07
4.31E-03  1.09
3.26E -04 1.14
3.4!IE-02  0.81
4.30E -03 1.04
1.32E-02 0.99
3.64E -04 1.16
9.72E-06 1.44
6.44E-05 1.14
1. OIE-03  1.07
1.50E-04 1.19
3.50E-03 O.W
1.05E-02 O.W
4.25E-03 1.04
1.07’t -04 1.12
4.26E-03  1.09
1.80E-04 1.11
6.9$’E -04 1.00
2.66E-04 0.93
6.43E-03 0.85
3.89E-04 0.96
1.71E-03 1.15
4.98E -04 1.11
3.97L -03 0.95
1.33E-03 1.00
8.25E-04 1.08
1.45E-03 1.01
1.80E-05 0.93
9.04E-04 1.12
2.82E-04 1.15
1.17E-05 0.91
1.91E-04 1.06
3.52F -03 0.99
1.83E-03 0.97
6.1 OE-O4 0.97
6.32E-04 1.18
4.74E-04  1.02
1.45E-03 1.03
7.39L-04 1.29
2.09E-04 1.17
1.51E -04 1.05
8.93E-04 1.11
6.051-04 0.88
9.121-04 1.35
3.7/l-05 1.15

-5.0 0.98
-3.1 1.00

4.941:-04  1.01
1.101” -03 1.03
1.74E-04 1.06
1.72[”-04 1.13
1.22[ -04 1.33
7.7{E  -05 1.30
1.03[ -04 1.04
1.18[ -03 1.01
6.34E -04 1.16
2.53[ -04 1.27
2.48E  -04 0.96
1.54E -05 1.53
3.24E -04 1.16
5.57E -05 1.00
3.27t -04 1.02
4.32E -05 2.94
1.09E -04 1.02
1.54E  -04 1.06
6.71E-05  1.18
1.94E -04 1.01
5.49E-06 0.72
5.88E-05  0.82
5.50E-05 O.w



T’abl e 7 coht. j hUCd

observed U[lpcr Iobrcr observed
pos i t ion o-c J K@ Kc J  K* K c  s t r e n g t h  %s

4051.0512  53 9 4 6 9 1 9 11.  ooE-06  4
4052.18013 10 8 4 5 7 1 6 4.1 OE-O3 2
4 0 5 5 . 0 1 6 0  0 1 0 8 3 9 7 2 1.38E-04  3
4 0 5 5 . 0 2 2 0  0 10 8 2 9 7 3 4.60E-05 3
4 0 5 6 . 5 5 6 ?  - 2 5 5 0 5 0 5 3.90E-06  4
4057.75572 11 8 3 6 7 0 7 1.51E-03 2
4058.9574 -20 1 1 7 5 1 0 6 4 6.67E-05 4
4059.5045 -15 1 1 7 4 1 0 6 5 1.93E-04  3
4 0 6 2 . 8 8 2 ?  - 8 1 3 6 8 1 2 5 7 5.37E-05 2

* 4 0 6 ?  . 9 2 1 O  O 11 10 1 10 9 2 3.27E-06  4
4 0 6 5 . 4 8 7 9 5  0 12 6 6 11 5 7 5.59E-05 2
4 0 6 6 . 1 2 4 7  5 5 5 1 4 2 2 8.11  E-05 2

*4070.  1729  0 1 0 9 2 9 8 1 5.52E-05 2
4075.31655  3 6 4 2 5 1 5 1.32E-03 2
4 0 7 5 . 6 1 2 5  0 1 1 8 4 1 0 7 3 2.29E-05 2
4 0 7 > . 6 3 8 4  - 3 1 1 8 3 1 0 7 4 6.86E-05  2
4077.38507  0 12 7 6 11 6 5 7.57E-05 2
4078.44116 21 11 4 7 10 3 8 3.56E-04 2
4079.02548  0 12 7 5 11 6 6 2.31E-05 4
4080.0247  70 6 5 1 6 0 6 2.llE-06 10
4080.20947 17 6 5 2 5 2 3 5.276-04  2
4081.54208 24 5 5 0 4 2 3 2.17E-04 2

‘4083.711 O 1 1 1 1 0 1 0 1 0 1 1.91E-06 10
*4085.478 1 2 1 0 3 1 1 9 2 1.50E-06 10

4 0 8 8 . 3 7 0 4 8  1! 9 4 6 8 1 7 5  .57k-042
408$.65397  4 10 3 7 9 2 8 2. OIE-04 2
4088.7895  35 7 7 0 7 4 3 1.19E-06 10
4089.277 -225 10 7 4 10 4 7 1.40E-06 10
4089.2955 -41 9 7 3 9 4 6 8.80E-07 10
4090.00641  0 13 6 7 12 5 8 4.40E-05 3
4090.5613  52 8 7 2 8 4 5 2.1 OE-O6 10

‘ 4 0 9 1 . 8 2 4 9  O 1 1 9 2 1 0 8 3 2.86E-05 2
4093.06305  ? 7 5 3 6 2 4 2.39E-04 2
4093.2526  34 1 0 4 7 1 0 1 1 0 5.90E-06 10
4093.53688 -14 9 2 7 8 1 8 7.97E-04 2
4 0 9 3 . 9 7 6 6  0 13 7 7 12 6 6 7.65E-06 5
4095.3904  11 1 ?  8 5 1 1 7 4 2.71E  -05 2
4 0 9 8 .  ? ? 0 0  O 1 3 7 6 1 2 6 7 2.25E-05 4
4 1 0 6 . 3 7 / / 2  O 9 3 7 8 0 8 2.95E-04 3
4107.04756  3 8 5 4 7 2 5 8.83E-04 2
4 1 0 7 . 9 7 9 8  0 14 7 8 13 6 7 7.20E-06 8
4110.51187  6 6 5 1 5 2 4 1.20E-04  3
4 1 1 1 . 9 4 6 5  4 1 1 3 8 1 1 0 1 1 2.02E-06 4
4112,844 1 1 2 9 4 1 1 8 3 8.32E-06 3
4 1 1 2 . 8 4 8  - 1 1 2 9 3 1 1 8 4 2.78E -06 3
4 1 1 4 . 2 1 3 9  0 1 3 8 6 1 2 7 5 2.70E-06  8
4 7 1 4 . 5 5 8 4  0 1 3 8 5 1 2 7 6 7.74E-06 3
4117.628 0 1 4 7 7 1 3 6 8 1.80E -06 10
4 1 1 8 . 5 1 6 2  0 14 6 8 13 5 9 3.30E -06 10
4 1 2 5 . 1 9 4 0 8  6 7 4 3 6 1 6 1.28E -03 3
4 1 2 5 . 4 3 7 ( 1  3 9 5 5 8 2 6 3.91E-04 2
41?8.72?65  3 10 4 7 9 1 8 6.68E-04 4
4131.06550 -6 12 4 8 11 3 9 3.07E  -05 2
4131.871 0 1 4 8 7 1 3 7 6 3.08E-06 10
4133.06681 -6 10 5 6 9 2 7 2.34E-03 2
4133.172 0 1 3 9 5 1 2 8 4 9.77E-07 8

.4133.189 0 _~3 9_4 ~_8 5  2.93E-06 8
* asterisk denotes a doubled absorption with the CII

( o - c ) X *  R

2.05E-04  1.40
2.27E  -03 1.08
1.07E-04  0.97
3.57E-05 0.97
4.1 OE-O5 1.34

-2.1 1.14
5. OIE-05 1.05
1.52E-04  1.03
5.84E-06 0.95
2.28E-05 2.30
2.50E-05 1.02
1.60E-04  0.99
3.55E-05 0.87
4.47E-04 1.01

- 0 . 7  1 . 0 2
-0.9 1.02

6.79E -05 1.04
1.34E-04  1.09

-0.9 1.00
3.63E-05 1.46
9.74E-04 0.99
4.92E-04 1.03
5.11 E-05 1.37
1.55E-05  1.64
4.35E-04 1.12
1.15E-04  1.15
3.12c-05 1.09
3.31E-05 1.56
1.57t-05  1.7(
2.95E-05 1.04
5.07E-05 1.24
3.22E-05 0.94
4.02E-04 0.96
3.72E-04 1.43
6.24E-04 1.20
9.48F-06  0.95
4.19E-05 1.06
3.04E-05 1.05

1.1 1.19
1.13E-03  0.92
1.06E -05 1.01
3.20E -04 0.99
1.96E-04  1.50
1.96[-05 0.96
6.53E-06  0.96
7.31E-06 0.99
2.20E-05 0.95
4.Of+E-06  0.97
3.83E-06 1.15
1.09E-03  0.96
2.EW-04 0.87

-4.2 1.12
2.40E-05 1.12
9.69E-06  1.36
5.37E-04  0.97
4.14E-06  1.06

L24.E  .:.!0 . gt
.mntun  assiarmtil

observed ufper lower obse r ved
p o s i t i o n  o-c J Ka Kc J Ka Kc s t r e n g t h  Xs (o-c)Xe R

4138.126 15 7 8 14 69 1.30E-06 10 4.31E-06 1 . 0 7
4142.92491 ! 7 5 2 6 2 5 3.1 OE-O4 3 1.09E-03  0.90
4145.42242  0 11 3 8 10 2 9 2.38E-04 3 2.19E-04  1.20
4148.87833  2 1 0 2 8 9 1 9 1.43E-04  2 3.2 1.23
4 1 5 6 . 0 9 7 { 4  2 103 8 9 0 9 4.56E  -04 3  5.09E-04  1 . 2 2
4 1 5 9 . 8 5 1 4  - 6 5 5 1 4 0 4 2.66E-06 10 1.43E-05  1 . 1 2
4163.5631  18 11 5 7 10 2 8 1.59L-04 3  1.00E-04  1 . 0 3
4169.0ti4 6 6 1 5 3 2 2.43E-05 3 1.7.5F - 0 4  0 . 9 2
4172.03550 -! 11 4 8 10 1 9 9.22E-05 2 1.24E-04  1.20
4175.9081 -24 6 6 0 5 3 3 7.70E -06 10 6.04E-05 0.89
4179.7960 8 5 3 7 2 6 5.88E-05 4 3.08[-04 0.82
4182.5595 : 8 4 4 7 1 7 6.83E-05 5 2.34E-04  0.89
4197.1014 12 5 8 11 2 9 1.15E-04  3  1.56F-04  1 . 0 7
4 1 9 7 . 2 7 1 5  ; 8 6 3 7 3 4 2.75E-05 2 3.18E-04 0.74
4197.7976  37 7 6 1 6 3 4 3.35E-05 3 3.19E-04  0.85
4200.92627  0 1 2 3 9 1 1 2 1 0 2.8?F-05 2  4.79E-05 1 . 1 5
4?01.37193 -13 6 5 2 5 0 5 1.48E-05  5  1.23E-04  0 . 9 0
4 2 0 2 . 2 5 4 4  4 11 2 9 10 1 10 2.00E-04 3  2.75E-04  1 . 2 2
4206.3569  21 1 1 3 9 1 0 0 1 0 6.98E-05 3  1.02E-04  1 . 2 3
4214.06182 32 1 0 6 5 9 3 6 8.30E-06 7  2.04E-04 0 . 5 1
4 2 1 7 . 1 8 9 2  5 12 4 9 11 1 10 9.70E-05 2  2.00F-04  1 . 1 8
4222.1291  14 9 5 4 8 2 7 6.84E-05 2 6.32E-04  0.76
4222.9480  10 8 6 2 7 3 5 8.70E  -06 5 1.17L-04  0.76
4 2 2 3 . 2 5 4  9 6 11 66 10 3 7 1.70E-06 10 4.57E-05 0 . 4 7
4 2 3 4 . 0 9 5 9  0 1 3 5 9 1 2 2 1 0 7.90E-06 5  2.591i-05  0 . 8 8
4 2 3 6 . 6 2 5 3  - 2 12 6 7 11 3 8 4.7/L-06 4 8.31E  -05 0.51
4 2 4 7 . 9 5 9 2  1 9 9 4 5 8 1 8 l.OO[ -05 5 3.831:-04  0 . 6 0
4249.1394 -56 7 5 3 6 0 6 4.50F-06 6 5.841-05 0.75
4250.3335  79 9 6 3 8 3 6 1.54E-05  3  3.041; -04 0 . 7 2
4252.3799  24 1 2 3 1 0 1 1 0 1 1 4.80E-05 5  1.85[:-04  1 . 3 9
4 2 5 3 . 9 9 1 8  - 4 1 2 2 1 0 1 1 1 1 1 2.86E-05 6  5 .861 -05  1 .25
4254.1075 -24 13 3 10 12 ? 11 3.16E-05 2  8.90E-05 1 . 2 5
4257.7004  20 13 6 8 12 3 9 1.93E -06 4  1.501:-05  0 . 5 6
4 2 6 1 . 7 4 6 3  2 1 4 6 9 1 3 3 1 0 1.12E -05 4 2.171,-05 0.95
4263.3011 -40 7 7 0 6 4 3 2.20E-06 8 2.761:-05  0.58
4271.0236  32 1 0 5 5 9 2 8 4.83E-06 4 1.22E-04  0.61
42?5.7222 1 4 5 1 0 1 3 2 1 1 8. OLE-06  3 3.671,-05 1.19
4 2 8 2 . 0 3 1 7  -4; 8 7 2 7 4 3 3.18E-06 10 4.581:-05  0 . 6 2
4 2 8 5 . 5 2 5  -4 8 7 1 7 4 4 9.00E-07 10 1.551:-05  0.52
4295.077 0 15 4 11 14 3 12
4298.4058  50

1.40 E’-O7 U1. 1.251:-05  0.10
9 7 3 8 4 4 5.30E -07 10 1.781” -05 0.40

4303.2140  38 8 5 4 7 0 7 1. OIE-05 2 1.741-04 0.67
4 3 0 4 . 4 9 1 1  - 6 13 2 11 12 1 12 3.28f -05 2 1.071:-04  1.27
4 3 0 4 . 6 2 2 3  - 5 1 3 3 1 1 1 2 0 1 2 1.06E-05  2  3 .661 -05  1 .27
4307.4751 -11 9 7 2 8 4 5 1.41E-06 10 5.551:-05  0 . 3 5
4327.6W  - 1 5 1 11 5 6 10 2 9 1.02E-06 10 1.851-04 0.26
4329.748 298 1 0 7 3 9 4 6 1.65E -07 U1. 1.851:-05  0.21
4335.416  260 8 6 3 7 1 6 1.15E -06 10 5.641:-05  0.46
4353.145 336 11 74 10 4 7 1.60E-07U1.  4.7/1;-05  0 . 0 5
4353.7025 -10 1 4 3 1 2 1 3 0 1 3 1.13L-05 10 6.171:-05  1 . 1 5
4 3 5 4 . 4 6 1 5  0 1 4 2 1 2 1 3 1 1 3 3.03E  -06 8  2.031:-05  0 . 9 3
4388.31 341 1 0 8 3 9 5 4 3.50E-08 U1. 5.33[. -06 0.02
4 4 0 1 . 1 8 8 6  0 1 5 2 1 3 1 4 1 1 4 3.00E-06  10 3.18[”-05 1.03
4411.270 513 11 83 10 5 6 2.1OE-O7U1. 8.081-06 0.19
4414.81W  - 1 1 10 5 6 9 0 9 3.74E  -06 10 9.28[:-05  0.87
4468.70 613 10 7 4 9 2 7 7.1 OE-O8 U1. 6.20[”-06 0.07

.- ——— ———
‘-given for  the stronger transit ion.  lhe st;ength  given

r e p r e s e n t s  t h e  sun  of the strengths of the tuo con$mrak]le  t r a n s i t i o n s .

‘ l
X 1 05 . Conputed  V81UCS d e r i v e d  frcrn e n e r g y  l e v e l s  g i v e n  in table 2 Emdo - c  a r e  o b s e r v e d  nlinus  corrputed  (inc posit ions in cnl

g r o u n d  s t a t e  ~eveis  given in ref. 16

%s are estimated ur,certainties  in the measured line strengths given in percent

a. (o-c)% is the Wrcer,t  difference betueer,  the observed and con~flted  l ine strength or  the value of  the computed strength i f  the
difference between the observed and computed va~ues  is IDi12% or larger  in rriagnitude.

R is  the rat io of  the observed l ine strength derived in  this  study to the con~ted value given in ref.  14

U1.. u~~nr  Limit. lhere  uere no apparent  absorpt ion features in  any of  the  spectra uithin iO.015 crrl of  the l isted frequency.-1

The observed strength given represents the rrmxirmrll strength the transition can have taking into consideration ncart,y  absorp t ion
features of  other  t ransit ions and a[so.the  signal-to-noise ratio of  the spectra.



Table 8. I,ine posit icnis (cm”l) and strengths (cm”2/atm. at ?96K)
observed in the (001 ) - (000) band of H2’~c) .

observed upper loner
position o - c J K. Kc J Ka Kc

‘2992.1605 16-4 9 8 2 1 0 1 0 1
3 0 0 8 . 2 7 7 /  -4 1 0 7 3 1 1 9 2
3013.162 -277 8 1 8 9 5 5
3013.21442 -8 6 3 3 7 7 0
3027.0140  47 1 0 2 8 1 1 6 5
3028.2616  30 1 0 1 9 1 1 5 6

*3036 .2?14 169 9 7 3 1 0 9 2
3040.7415  30 7 2 6 8 6 3
3 0 4 1 . 0 8 8 4  21 1 2 1 1 2 1 3 3 1 1
3054.1929  13 1 3 4 1 0 1 4 6 9
3059.2586 -97 1 0 6 4 1 1 8 3
3074.7196  15 1 2 2 1 1 1 3 4 1 0
3077.7453 -22 7 1 7 8 5 4
3 0 8 0 . 3 7 3 5  -5 6 2 5 7 6 2
3085.35744  3 9 6 4 1 0 8 3
3 0 8 5 . 5 0 6 5  1 1 2 5 7 1 3 7 6
3085.55892  3 9 6 3 1 0 8 2
3085.68966  0 1 1 5 7 1 2 7 6
3086.1330 -14 1 2 1 1 1 1 3 3 1 0
3092.28571 33 9 1 8 1 0 5 5
3101.803? -23 1 1 0 1 1 1 2 2 1 0
3112.5424 -15 8 6 3 9 8 2
3 1 1 2 . 5 8 7 9  0 8 6 2 9 8 1
3112.67092  3 1 0 5 6 1 1 7 5
3116.3069 -41 7 2 5 8 6 2
3120.1920  11 1 0 5 5 1 1 7 4
31?9.59935  5 1 1 4 8 1 2 6 7
3136.1715  19 6 1 6 7 5 3
3139.112?9  1 9 5 5 1 0 7 4

*3140.021 240 7 6 2 8 8 1
3142.13175  3 9 5 4 1 0 7 3
3145.89477  2 1 1 3 9 1 2 5 8
3 1 4 7 . 0 0 5 5  14 817954
3149.3375  29 1 1 1 1 0 1 2 3 9
3157.68655  0 1 0 1 1 0 1 1 3 9
3 1 6 2 . 0 8 4 6  - 1 1 0 0 1 0 1 1 2 9
3162.12989  3 1 0 4 7 1 1 6 6
3 1 6 5 . 4 5 9 9 5  4 8 5 4 9 7 3
3166.45616 -2 8 5 3 9 7 2
3177.1313  17 1 2 4 8 1 3 6 7
3 1 8 4 . 5 2 9 9  6 1 0 2 9 1 1 4 8
3186.35?5 -18 9 2 8 9 6 3
3188.29715  5 5 1 5 6 5 2
3190.1700 -18 1 0 3 8 1 1 5 7
3191.97194  3 7 5 3 8 7 2
3192.10360 -7 94 6 10 6 5
3192.22926 -6 7 5 2 8 7 1
3193.05916  2 7 1 6 8 5 3
3?00.925?  53 123 9 13 5 8
3?00.99837 10 7 0 7 8 4 4
3 2 1 1 . 2 1 6 5  - 5 10 4 6 11 6 5
3211.55527 -1 9 4 5 1 0 6 4
3 2 1 4 . 0 3 3 3  6 10 1 9 11 38
3215.3? 035 13 9 1 9 1 0 3 8
3218.71203 -12 6 5 2 7 7 1
3218.75912 13 6 5 1 7 7 0
3??0.29233 -1 8 4 5 9 6 4
3 2 2 3 . 4 5 7 9 5  8 9 0 9 1 0 2 8
3230.28416  6 9 3 7 1 0 5 6
3230.42005 -3 8 4 4 9 6 3
3?30.92145 -4 6 1 5 7 5 2
3?36.155 -315 726 7 6 1
3?36.39957 -5 9 2 8 104 7
3 2 4 2 . 9 5 1 2  - 9 11 38 12 5 7
3247.36325  3 7 4 4 8 6 3
3251.50867 -1 7 4 3 8 6 ?
3 2 6 1 . 2 6 6 5  0 514 6 5 1
3264.24009  4 6 0 6 7 4 3
3 2 6 6 . 0 8 6 ?  4 8 3 6 9 5 5
3 2 7 1 . 4 1 2 9  - 4 1 0 0 1 0 1 0 4 7
3 2 7 1 . 9 1 4 3  - 4 8 1 8 9 3 7
3272.05174 -1 10 2 8 11 4 7
3 2 7 5 . 0 7 [ 5  5 1 7 1 7 752

observed
strength Xs ( o - c ) % s R

1.57E-06 10
2.33E-06 10
1.17E-06 10
4.53E-05 2
4.95E-06  2
5.60E-06 4
8.47E-06 10
7.18E-06 3
1.32E-06 10
8.37E-07 10
1.30E-05  6
2.1OE-O6 10
9.00E-06  4
3.40E-06  3
2.33E-05 2
3.37E-06  4
7.52E-06 2
9.1OE-O6  3
5.41E-06 3
7.62E-06 3
5.65E-06  3
1.66E-05  6
4.70E-05 4
1.06E-05 4
4.80E-06  4
3.2?E-05 2
1.93E-05  2
5.19E-06  3
8.43E-05 2
8.60E-05 3
2.78E-05  3
2.28E-05 7
7.24E-05 2
7.80E-06 4
2.23E-05 3
7.30E-05 3
2.55E-05  3
6.22E-05 2
1.88E-04  3
1.50E-06 10
2.76E-05  3
1.50E-06 10
2.41E-05 6
3.15E-05 2
3.37E-04 3
2.57F-04 2
1.12E-04  3
4.87E-05 2
5.67E-06 4
3.78E-05 2
4.70E-06  7
1.42E-04  2
9.60E-05 6
2.22E -04 3
1.31E-04  3
3.76E-04 4
2.16E-04 2
7.48E-05 2
3.85E-04 3
8.27E-04 2
1.93E -04 2
2.97E-06 4
3.33E-04 2
8.70E-06  4
1.35E-03  3
4.92E-04 3
4.44E-05 2
3.29E-04 2
5.00F-04 10
8.05E-06 5
2.44E-04 3
1.34E-04  2
6.90E-06 3

6.20L-07 1.03
1.14E-06 0.90
8.57E-07 0.89
2.71E-07 0.75
3.73E-06 0.88
4.31E-06 0.92
3.55E-06 1.06
3.36E-06 1.02
1.55E-06 0.79
5.60E -07 0.99
4.21E-06 1.32
1.79E-06 1.07
6.04E-06 0.96
1.1OE-O6 0.97
1.09E-05 0.94
1.1 OE-O6 0.93
3.63E-06 0.91
4.15E-06 0.92
-2.5 0.90

5.86[. -06 0.93
-6.7 0.88

7.37E-06  1.00
2.21E-05  0.95
4.47E-06 0.99
4.17E-06 0.83
1.33E-05 0.95
1.05E-05 0.95
3.41E-06 0.93
3.67E-05 0.97
3.99E-05 0.97
1.2?E-05 0.94
1.86E-05  0.96
5.16E-05 0.99
-2.8 0.93
3.3 1.01

11.3 1.07
1.20E-05  0.95
2.78E-05 0.96
8.33E  -05 0.96
3.45E  -06 0.93

-3.5 1.04
1.00E-06 0.91
1.14E.05  1.03
2.33E-05 0.95
1.49E-04  1.00
1.05E-04  1.00
4.96E-05 0.99
3.48E-05 0.99
6.62E-06  0.94
2.81E-05 1.02
3.90E-05 0.99
3.56E-05 0.99

-2.5 0.96
3 . 6  O.W

5.87E-05 1.00
1.76E-04  0.96
8.54E-05 0.98

2.0 1.00
2.25E-04 O.W
2.56E-04 1.01
1.33E-04  1.02
1.71E-06 1.04
2.95E  -04 0.98
1.06E-05  0.96
5.14E-04  1.01
1.71E-04  1.02
3.14E-05 1.01
2.34E-04 1.07
2.04E-04  1.08
6.76E  -06 1.00
2.16E-04  1.08
1.45E-04  O.W
4.96E-06  1.01

observed u~*wr toner observed
pos i t ion o-c J Ka Kc J Ka Kc s t r e n g t h  %s ( o - c ) %a R

327.$.87408 0 6 4 3 7 6 2
327>.17>13 -5 6 4 2 7 6 1
3 2 7 8 . 8 4 1 3 6  -1 9 1 8 1 0 3 7

‘ 3 2 8 2 . 0 0 9  3 5 8 9 7 3 9 9 0
3 2 8 5 . 0 5 2 0  3 8 2 7 9 4 6
3285.7274 -23 413 5 5 0
3286.16913 16 8 0 8 9 2 7
3 2 9 6 . 0 8 6 8  - 3 10 2 8 10 6 5
3297.57573 -2 9 3 6 1 0 5 5
3298.10676  1 7 3 5 8 5 4
3300.21398 -2 5 4 2 6 6 1
3300.50072  1 5 4 1 6 6 0
3 3 1 1 . 7 5 9 4  - 4 7 2 5 7 6 2
3313.449 -178 8 2 6 8 6 3
3 3 1 4 . 6 0 5 7  - 4 1 0 1 1 0 1 0 3 7
3315.04288 -1 8 3 5 9 5 4
3318.3628 -22 5 0 5 6 4 2
33?0.485 14 7 7 15 7 8
3 3 2 0 . 5 4 1 7  2; 9 0 9 9 4 6

‘3322.126  O 18 1 17 19 1 18
3323.3414  24 9 2 7 1 0 4 6
3323.387 -110 11 6 6 11 8 3
3325.375 -202 12 66 12 8 5
3325.841 -12 14 68 15 6 9
3326.79630 -3 7 1 7 8 3 6
3 3 2 7 . 5 8 8 0  - 3 6 3 4 7 5 3
3328.424 0 1 5 4 1 1 1 6 4 1 2
3329.64418  2 72 6 84 5
3 3 2 9 . 8 3 6 5  2 7 9 6 4 9 8 1
3 3 3 0 .  C1386 25 9 6 3 9 8 2
3330.77150 -6 7 3 4 8 5 3
3341.38362  1 8 1 7 9 3 6
3 3 4 2 . 0 1 0 2  17 9 1 8 9 5 5
3344.W32  4 1 4 5 9 1 5 5 1 0
3 3 4 5 . 3 9 3 5  0 16 2 14 17 2 15

‘3346.7976 12 9 3 13 94
3347.3814 -! 15 4 12 16 4 13
3 3 4 7 . 4 3 0 0  0 1 5 3 1 2 1 6 3 1 3
3 3 4 8 . 1 9 3 3  2 6 3 3 7 5 2
3349.86205 -10 7 0 7 8 2 6
3 3 5 1 . 6 2 1 5  6 14 4 10 15 4 11
3352.640 -28 13 5 8 14 5 9
3355.70595  4 5 3 3 6 5 2
3356.3388  40 11 2 10 11 4 7

‘ 3 3 5 6 . 9 0 8 2  5 11 10 2 12 10 3
3359.51985  9 5 3 2 6 5 1
3 3 5 9 . 7 9 9 6  124 13 6 8 14 69
3364.2895 -12 4 0 4 541
3364.8?691  5 8 2 6 9 4 5
3365.3822  24 8 0 8 8 4 5
3 3 6 7 . 8 1 3 9  0 15 2 13 16 2 14

~3368.2975  O 16 1 15 17 1 16
3 3 6 8 . 5 2 7 5  9 15 3 13 16 3 14
3368.81952  5 6 2 5 7 4 4
3 3 6 9 . 1 3 6 1  9 8 1 7 8 5 4
3 3 7 0 . 9 0 2 5  - 1 14 3 11 15 3 12

‘3372.8272  - 2 1 11 93 12 9 4
3373.87454  3 1 3 5 9 1 4 5 1 0
3373.9321  24 12 7 5 13 76
3 3 7 4 . 3 3 2 1  5 12 76 13 7 7
3 3 7 5 . 1 8 7 0  - 7 1 3 4 9 1 4 4 1 0
3378.5297 28 9 1 9 9 3 6
3 3 7 9 . 1 2 3 7 4  1 6 1 6 7 3 5
3 3 8 0 . 1 1 5 2  1 10 5 6 10 73
3382.4747  56 12 66 13 6 7
3382.86970  5 9 5 5 9 7 2

~338?.9069  -311 10 10 0 11 10 1
3383.07556 -1 4 3 2 5 5 1
3384.11345  4 12 5 7 13 5 8
3384.38710  3 4 3 1 5 5 0
3 3 8 5 . 9 1 7 1  - 1 9 5 4 9 7 3
3386.35361 -34 8 5 3 8 7 2
3 3 8 7 . 8 4 7 9  3 7 5 3 7 7 0

7.06E-04 2  2.68E-04  1 . 0 2
2.1 OE-O3 2 8.04E-04  0.99
1.25E -04 2 -3.5 0.98
1.27E -06 10 9.29E-07 0.81
3.78E  -04 3  2.98E-04  1 . 0 2
;.~;-~; ; 2.91E-05  0 . 9 9

2.1 1.02
7145E-06  10 5.90E-06 0 . 9 6
7.15E-05 2  1.14E-04  0 . 9 7
4.28E-03 3  1.38E-03  1 . 0 0
2.1 OE-O3 2 8.33E-04  1.00
7.12E  -04 2  2.78F-04  1 . 0 1
2.60E-06 10 13.0 0.89
1.39[-05 10 1.1 OE-O5 0.98
5.20E -06 15 3.60[ -06 1.14
3.46E  -04 2 7.951-04 1.00
2.1 OE-O4 2 1.471i-04 1.04
1.41E-06 15 2.6 1.21
9.50E-06  10 8.00E-06 1 . 0 0
3.00E-07 10 3.91E-07 0 . 8 3
1.86E -04 ? 2.071,-04 0.99
2.55E-06 10 1.73[ -06 0.90
7.40E-07 15 1 6 . 0  0 . 7 1
2.11  E-06 15 3.561”-060.74
1.98E -03 2 1.791:-03 1.04
3.45E-03 4 8.30[”-04 1.02
6.80E-07 10 6.9 1.08
3.66E-03 2 2.34} -03 1.03
9.50E-06 6 6.13[. -06 0.92
3.20E-06  10 2.05[:-06 0.94
6.60E -05 2 5.181’ -04 0.94
1.46E-03 3 -2.1 1.03
1.40E-05 6 1.181-05 0.96
5.80E-06 5 6.88[. -06 1.00
2.36E-06  5 -6,9 1.05
3.05E-06 10 -3,.8 1.09
3.77E-06  6 -10,4 0.94
1.30F-06  10 -9.5 0.94
2.30E-04  4 2.59[ -03 1.21
6.92E-04  2 1,0 1.03
1.06E-05 2 -6.7 0.95
6.1 OE-O6 4 1.26E -05 1.04
;.;;;-;$ ; 3.46E-03  1.06

-0.6 0.85
2:40E-06  10 8.2 1.19
8.76F-03  4 1.16E -03 1.02
1.40E-05 4 1.84E-05 0.91
7.40E -04 3 4.75E -04 1.07
1.85E -03 3 2.1 OE-O3 1.02
8.30E -05 3 7.25E -05 0.97
2.9.4E-06 10 4.14E -06 0.91
1.15E-05 6 -2.0 1.05
1.27E-05 4 2.5 1.08
5.18[-03 5 1.69E -03 1.04
1.1 OE-O4 10 7.53E -05 1.17
2.12E-05 3 -7.0 1.01
1.02E -05 5 -5.9 1.05
3.94E-05  2 4.44E-05 1.05
2.30E-05 3 2.91E-05 0.91
8.41E -06 4 9.70E-06 1.00
1.97E -05 3 -4.8 0.97
6.1 OE-O5 3 5.27E-05  1.06
1.75E-03 3 1.47E-03 1.05
7.57E-06  5 6.02E-06  0.76
8.40E -05 2 3.2 1.22
5.21E-05 2 3.52E-05 0.88
4.16E-06  7 -10.4 0.98
6.76r-03  3 1.04E-03 1.04
1.22E -04 4 1.82E-04 0.95
2.42E -02 4 3.14E-03 1.05
1.97E-05 2 1.17E-05 O.W
8.47E -05 3 5.07[ -05 0.98
6.93E -05 2 4.34E-05 0.93



Table 8 conti. nud

observed
pos i t ion o-c

3388.10595 8
3389.3?416 12
3390.1336 -3
3391.0472 35
3393.0055 -49
3393.2158 0
*3393.6894 o
3396.17572 0
3398.1454 -5
3398.81305 -2

‘3398.9028 -31
3399.75333 4
3400.40585 0
3400.5661 3
3402.15828 5
3402.6950 -6
3405.0296 -31
3407.8?61 -4
3408.7488 -10
3410.2045 -5
3411.1056 -87
3411.8524 -46
3&13.067(  32
*3413.5675 44
3413.8468 22
3413.857 -51
3413.90?9 1
3413.99131 0
3~J~.0302  ~
3415.53568  -6
34~5.fj&53j  -7

*3/,16.1589 -17
3419.3540 57
3419.46218 5
31,~2.2727 44
34?3.1166  -3

*3 f,25. o171 -20
3426.1866  15
3 4 2 6 . 7 9 2 7  4
342.5.8484 12
3[,27.91718  -1
3 4 3 5 . 6 9 3 6  -12

~3[,36.291  66
3436.4472 -52
3 4 3 7 . 4 7 8 5  4
3 4 3 7 . 7 6 8 5  -21
3 4 3 7 . 9 8 8 4  3 9
:5438.19075  5
3 4 3 8 . 2 2 0 6  4
3638.44826 -8
3438.58459  0
3438.6411  21
3438.7523 -10

‘ 3 4 3 9 . 7 6 4 2  5
3439.8958 -11
3439.93765 -6
3 4 4 2 . 7 8 0 3  13
3443.10243 -1
3 4 4 5 . 0 0 5 5  - 1
3446.31117 -59
3448.40040  2
3 4 4 8 . 6 9 9 1  9
3 4 5 0 . 1 9 1 7  3
3453.1137 -2
3 4 5 3 . 1 2 9 7  16
3456.  ?5478 1
3 4 5 7 . 5 0 0 3  - 5

*3458.5451 -89
3458.59614 -6
3 4 5 8 . 7 6 0 6  - 7
3460.40922  3

*3460.5953
3461.6979 -;

uppc r louer
J K a Kc J Ka Kc

7 5 2 7 7 1
7 1 6 7 5 3
1 5 2 1 4 1 6 2 1 5
1 5 1 1 4 1 6 1 1 5
1 3 4 1 0 1 4 4 1 1
1 3 3 1 0 1 4 3 1 1
16 0 16 17 0 17
7 2 5 8 4 4
12 5 8 13 5 9
7 1 6 835
10 9 1 11 92
12 4 8 13 4 9
11 7 4 12 7 5
11 7 5 12 76
6 1 5 6 5 2
303 4 4 0
7 0 7 7 4 4
5 1 4 5 5 1
524643
11 6 5 12 66
10 2 9 10 4 6
11 66 12 6 7
6 0 6 7 2 5
10 8 2 11 83
11 5 6 12 5 7
1 4 2 1 3 1 5 2 1 4
1 4 1 1 3 1 5 1 1 4
13 3 11 14 3 12
1 3 2 1 1 1 4 2 1 2
1 2 3 9 1 3 3 1 0
1 2 4 9 1 3 4 1 0
15 1 15 16 1 16
11 4 8 11 65
6 2 4 743
11 3 9 11 5 6
11 5 7 1? 5 8
9 9 1 1 0 9 2
11 4 7 124 8
10 73 11 7 4
10 74 11 7 5
5 1 5 6 3 4
94 6 9 63
13 2 12 14 2 13
1 2 2 1 0 1 3 2 1 1
10 64 11 6 5
11 3 8 12 3 9
8 1 8 835
5 23 64 2
10 6 5 11 6 6
11 4 8 124 9
14 1 14 15 1 15
1 4 0 1 4 1 5 0 1 5
6 0 6 6 4 3
9 8 2 1 0 8 3
8 4 5 8 6 2
4 2 3 5 4 2
7 4 4 7 6 1
10 5 5 11 5 6
6 4 3 6 6 0
6 4 2 6 6 1
6 1 5 734
105 6 11 5 7
8 4 4 863
9 7 2 10 73
9 7 3 1 0 7 4
104 6 11 4 7
928 9 4 5
12 1 11 13 1 12
1 1 2 9 1 2 2 1 0
1 1 3 9 1 2 3 1 0
10 3 7 11 3 8
1 3 1 1 3 1 4 1 1 4
10 4 7 11 4 8

observed
strength Xs (o-c)Xe  R

2.37E-05 3  1.45E-05  0 . 9 5
4.40E-05 5 3.61E  - 0 5  0 . 9 6
2.97E-05 2  4.25E-05 1 . 0 8
1.42E-05  3 0.2 1.08
1 .1OE-O4  3  1 .03 [ -04  1 .16
3.80E-05 5  3.70E-05 1 . 0 7
5.66E-05 2  5.17t-05  1 . 1 9
1.47E-03  3  1.72E-C13  1 . 0 4
5.50E-05 2  6.57E-05 1.01
1.i”3E-03  3 -3.7 1.04
3.04E-05 2 2 . 7  1 . 1 3
3.04E-04 3 -0.8 1.01
3.50E-05 5 -4.3 1.09
1.06E-04  3 -3.4 1.10
1.15E-04  3  8 . 9 6 [ - 0 5  1 . 0 0
1.21E-04  2  7.30E-05 1 . 0 8
6.98E-05 3  5.87E-05 1 . 0 0
1.30E-05  10 1.05E-05  0 . 9 8
5.80L-05 5  8.77E-03 0 . 8 0
9.30E-05 4  1.06E-04  1 . 0 3
3.12E-05 5  2.28E-05 0 . 9 8
2.88E-04 4  3.16E-04 1 . 0 7
5 .  EH-03 3 -2.7 1.02
1.19E-04  4  1.32E-04  1 . 0 0
2 . 0 2 E - 0 4  5  2.51E-04  1 . 0 2
6.26E-05 7 0.1 1.07
1.88E -04 2 0.1 1.07
2.65E-04 4
8.60E-05 4 -!:! M
5.02E -04 2 0.4 1.04
1.32E-04  2  1.47E-04  1 . 0 0
2.35E-04 3 2.5 1.12
3.25E  -05 4 2.40E -05  0 .92
6.83E-03 4  9.14E-03 0 . 9 8
3.86E-05 10 1 2 . 9  0 . 9 4
6.51E-04 3  7.78E-04  1 . 0 1
5.23E-05 4 -4.1 1.03
4.24E-04 6 -5.4 1.02
3.14E-04 3  3.56E-04 0 . 9 9
1.03E-04  3  1.19L-04 0 . 9 8
1.44E-02  3  9.47E-03 1 . 0 4
2.53E-04 2  1.54E-04  0 . 9 6
1.02E-03 3 1.2 1.08
1.05E-03 7 -0.4 1.05
9.47E-04 2  1.07t-03  1 . 0 2
6.95E-04 2 0.6 1. of,
8.98E-05 2 7 . 6  0 . 9 9
2.92E-03 3  4.12E-03 1 . 0 4
3.31E-04 4 -7.6 1.07
1.48E-03 2 1.71E -03 1.01
2.28E-04 4 -1.6 1.08
7.48E -04 2 7.6 1.20
4.06E-04  2 3.18E-04 1.00
2.95E-04 3 -8.4 1.00
1.51E-04 3 9.04E-05 0.93
8.80E-04 3 3.76E-03  1.00
6.42E-04 3 3.49E-04 0.99
2.15E-03  4 2.68E -03 0.96
1.70E -04 3 8.85E-05 1.02
5.52E-04 2 2.65E-04 1.08
1.57E-02 4 -5.6 1.05
7.95E-04 3 9. OIE-04 1.05
5.58E -04 3 2.78E-04 0.981
3.07E-04 3 -5.3 1.05
9.02E-04 3 -7,2 1.03
3.70E-03  2 5.16E-03 0.99
3.80E-04 4 3.35E -04 1.01
3.78E-03  2 2.2 1.09’
1.?5E-03 ? -3.2 1.02
3.56E-03  3 -5.5 1.02
7.55E-03 2 -3.6 1.00
3.50E -03 2 2.4 1.11’
1.70E -03 4 1.97E-03 1.(41

observed upper Ioucr
posit ior, o-c J Ka KC J Ka KC

3464.38142 -7 9 6 3 1 0 6 4
3464.66833 11 9 6 4 1 0 6 5
‘ 3 4 6 5 . 9 5 0 3  O 8 8 0 9 8 1
3466.0292  40 5 0 5 5 4 2
3468.55815 14 3 2 2 441
3469.004 120 1 4 1 1 4 1 4 1 1 3
3469.0286  12 1 4 0 1 4 1 4 2 1 3
3470.5641 9 4 5 1 0 4 6
3 4 7 1 . 7 0 5 5  -1: 9 3 7 9 5 4
3471.79498 -2 9 5 4 1 0 5 5
3475.2934  10 414 5 3 3
3473.36978 -3 5 0 5 6 2 4
3 4 7 4 . 7 3 8 8  8 9 5 5 1 0 5 6
3 4 7 4 . 7 8 3 6  2 321 4 4 0
‘3479.3708 -17 8 7 1 9 7 2
3480.39544 -5 10 2 8 11 2 9
‘3480.594 -140 11 2 10 12 2 11
3480.88642 -2 103 8 11 3 9
3482.4817 -20 1 2 0 1 2 1 3 0 1 3
3(,~.13180  6 9 3 6 1 0 3 7
3485.15550  3 8 3 6 8 5 3
3485.74075  9 9 4 6 1 0 4 7
3486.5230 -12 4 0 4 4 4 1
3 4 8 8 . 3 5 0 4  8 514633
3490.55569  1 7 1 7 7 3 4
3~91.  oo98 -14 8 6 2 9 6 3
3491.10201  0 8 6 3 9 6 4
3491.7372 13 0 13 13 2 12
3491.8002 -! 13 1 13 13 1 12
3493.43806  4 7 3 5 7 5 2
3493.6880 -19 1 4 1 1 3 1 4 3 1 2
3494.16159 23 8 2 7 8 4 4
3494.260 14 2 13 14 2 12
3498.60202 -; 6 3 4 6 5 1
3499.74675 -2 8 5 3 9 5 4
3 5 0 1 .  C16?52 7 8 5 4 9 5 5
3501.5679  15 8 4 4 9 4 5
3501.82565 -3 9 2 7 1 0 2 8
3502.22836 -1 5 3 3 5 5 0
3502.4092  44 10 1 9 11 1 10
3 5 0 2 . 4 2 4  5 4 1 0 2 9 1 1 2 1 0
3502.87468  1 9 3 7 1 0 3 8
3504.1645 -97 11 1 11 12 1 12
‘3505.5551  -1 7 7 1 8 7 2
3506.07942  2 5 3 2 5 5 1
3509.42112 -2 8 3 5 9 3 6
3 5 1 0 . 6 5 3 0 1  8 8 4 5 9 4 6
3513.0708 -33 3 1 3 4 3 2
3514.40081  0 12 0 12 12 2 11
3514.53642 -4 12 1 12 12 1 11
3516.12058 -10 13 1 12 13 3 11
3 5 1 7 . 3 1 9 5  - 5 13 2 12 13 2 11
3 5 1 7 . 4 2 6 9  - 1 7 6 1 8 6 2
3517.4502 -13 7 6 2 8 6 3
3517.675 -61 1 4 2 1 2 1 4 4 1 1
3518.99193  4 4 1 3 5 3 2
3 5 2 1 . 1 1 5 7  14 7 2 6 7 4 3
3523.14073 -2 8 2 6 9 2 7
3 5 2 3 . 9 7 2 8  6 9 1 8 1 0 1 9
3524.10175  4 9 2 8 1 0 2 9
3 5 2 4 . 8 3 5 7 2  -1 8 3 6 9 3 7
3525.6388 -25 10 0 10 11 0 11
3527.0081 -40 7 5 2 8 5 3
3527.49531 -7 7 5 3 8 5 4
3528.12027  4 4 0 4 5 2 3
3 5 2 9 . 6 5  - 8 8 9 0 9 8 4 4
3531.37515  6 7 4 3 8 4 4
3532.8361 -10 1 4 3 1 1 1 4 5 1 0
3534.26927 13 6 1 6 6 3 3
3536.26616 -2 7 4 4 8 4 5
3536.5256  11 7 3 4 8 3 5
3536.8746S  7 1 1 0 1 1 1 1 ? 1 0
3537.1655  21 1 1 1 1 1 1 1 1 1 0

observed
strength Xs

9.38E -04 3
2.73E -03 3
5.09E-04 3
1.60[-04 4
3.1 OE-O3 3
9.00E -06 5
2.70E-05 5
3.40E -03 4
6.14E-04 2
2.37E-03  3
1.63E-03 2
5.71E-03 3
6.90E-03  3
1.58E-03 2
2.80E -03 10
1.28E-02 2
1.34E-02  10
3.95E-03  3
1.27E-02 4
8.80E -03 4
5.39f-04 3
1.49E-02 2
2.67k-04 2
1.20E-02 6
1.26E-03 2
7.03E -03 10
2.24L-03  3
4.35E-05  2
1.33E-04 5
3.?8E -03 2
1.66E -05 6
5.42i-04 2
6.25E-06 10
1.67F-03 2
1.81E-02  10
6.33[ -03 2
3.74E-02  2
1.34E-02 5
4.42E-03  3
2.93E -02 4
9.75E -03 4
3.38E-O? 3
3.80E-02 3
3.90E-03 2
1.97E-03 3
8.04E-02 3
1.34E-02 3
1.65E-02 10
4.28L-04 2
1.45E-04 2
2.40E-05 2
7.77E-05 4
4.68E-03  3
1.40E-02 3
8.11 E-06 4
4.95E-02  4
4.70E-03 10
I.1OE-O1 4
2.45E-02  5
7.1OE-O? 10
2.97E-02  2
1.06E-01 5
1.41E-02 5
4.49E-O?  3
4.75E-02  2
7.70E-08  UL.
3.24E-02  2
3.56E-06 10
1.55E-03 2
9.60E-02  6
6.60E-02  5
4.76F-04 2
1.50E-03 7

( o - c ) %a R

1.04E-03 1.03
3.1 IE-03 0.99
-3.9 1.03

1.23E-04 1.05
9.16E-03 1.00
1.20E-05 0.89
3.59E-05  0.92
5.66E-03 1.02
4.24E-04  1.03
2.7x-03 1.02
5.56E-03  1.06

-1.9 1.05
8.19E-03  0.99
3.~;Ejo3 1.05

1.09
-1:9 1.04
8.6 1.17
-4.2 1.05
10.6 1.21
-0.6 1.03

3.22E-04  1.00
1.81E-02 1.01
2. OIE-04  1.02
-4.2 1.08

1.071,-03 1.06
-7.5 1.03
-11.5 0.99
-5.5 1.08
-3”7 1.10

1.631:-03 0.97
2.091:-05  0.90
4.21[--04 1.08
-10.4 1.00

6.4?[’-04 1.01
2.13[”-02 0.97
7.10[ -03 1.02
4.76[ -02 1.03

-0.1 1.06
1.32[ -03 1.04

4,0 1.11
4,3 1.16

3.66[ -02 1.05
8.3 1.18
-6,1 1.01

4.48E -04 1.05
1,4 1.07

1.62[ -02 1.01
2.20[ -02 1.10
4.87E-04 1.00
1.62E -04 1.01
2.90E -05 0.93
8.7.3E  -05 0.99

-5.1 1.04
-5.4 1.04

1.02E -05 0.89
5.51E-02 1.03
3.42E -03 1.00

-3.0 1.03
-5.4 1.02
-7.9 0.99

3.25E-02  1.13
8.8 1.18

-9.2 1.02
-3.5 1.08
-0.5 1.08

1.18E-06 0.07
3.75E-02 1.04
4.45E-06  0.98
1.27E-03 1.05
1.13E-01  1.01

-3.0 1.07
-8.9 1.03
-4.4 1.08



Table 8 continued

observed
p o s i t i o n  o - c

3538.34971  6
3538.7164  10
3538.78321  2
3540.7083 -?4
3543.01971  3

* 3 5 4 3 . 6 5 9  4 4
3545.03745 -15
3545.22318 -1
3545.55151  1

* 3 5 4 6 . 8 9 7  -164
3547.75753 -3
3547.30041  1
3548.35729  4
3553.7381  33
3553.87967 -1
3554.8867  37
3554.91372 -2
3556.8538  44
3557.85217 41
3 5 5 8 . 3 8 1 1  - 7
3559.1151
3559.73710 -7
3560.13247 -12
3561.91794  0
3 5 6 ? . 3 2 0 0 8  8
3563.96676  2
3565.67221  4
3566.08033 -4
3 5 6 6 . 7 5 2 4  - 9
3567.92? -11
3567.935 -61
3 5 6 8 . 0 8 3 8  - 2
3568.28936 -10
3570.54048  3
3575.04985  8
3575.7[560 -13
3578.01480  2
3580.0648 -23
3 5 8 0 . 0 9 4 4  -11
3581.04100 -2
3581.12846 10
3 5 8 2 . 3 6 9 0  0
3585.85649  1
3586.54285 -11
3586.60354 -4
3586.95527  3
3587.71888 -4
3588.54721  3
3588.71011 -7
3588.74955 -8
3589.59105  6
3 5 8 9 . 7 2 3 8  - 2
3593.1973 -19
3593.4188 -16
3!,93.97453  5
3595.32593 -7
3!>98.90941  1 1
3600.20538  2
3 6 0 0 . 7 5 9 6  0
3602.35380  6
3602.49027 -2
3 6 0 5 . 2 5 5 4  9
3606.9933 -17
3609.23363 -4
3609.33879 -11
3610.16944 -1
3612.56227 -8
3 6 1 3 . 0 5 6 6  - 4
3614.50965 -6
3614.70244  2
3 6 1 5 . 8 1 4 3 2  8
3617.65130 -3
3618.  IEM - 2

upper lower
J Ka Kc J  KeKc

1 2 1 1 1 1 2 3 1 0
13 ? 11 13 4 10
6 2 5 6 4 2

12 2 11 12 2 10
3 1 2 4 3 1
6 6 0 7 6 1
7 2 5 8 2 6
8 1 7 9 1 8
8 2 7 9 2 8
9 1 9 10 110
7 3 5 8 3 6
9 3 6 9 5 5
2 1 2 3 3 1
6 5 1 7 5 2
6 5 2 7 5 3

12 3 9 12 5 8
103 7 10 5 6
8 0 8 7 4 3

11 38 11 5 7
1 2 2 1 0 1 2 4 9
1 0 0 1 0 1 0 2 9
1 0 1 1 0 1 0 1 9
6 4 2 7 4 3
4 23 44 0
64 3 74 4
2 1 1 3 3 0
6 3 3 7 3 4
71 6 81 7
7 2 6 8 2 7
8 0 8 909
8 1 8 9 1 9
5 1 5 5 3 2
6 2 4 7 2 5
6 3 4 7 3 5
3 03 4 22

11 29 11 4 8
4 2 2 441
5 5 0 6 5 1
5 5 1 6 5 2
9 0 9 9 2 8

10 1 9 103 8
91 9 91 8
5 23 54 2
6 1 5 716
5 3 2 633
6 2 5 7 2 6
5 4 1 6 4 2
54 2 64 3
7 0 7 8 0 8
71 7 81 8

10 2 9 10 28
10 2 8 104 7
5 23 6 24
4 1 4 4 3 1
6 24 64 3
5 3 3 6 3 4
92 7 94 6
7 2 5 7 4 4
9 1 8 937
8 2 6 8 4 5
8 0 8 8 2 7
8 1 8 8 1 7
5 14 61 5
6 0 6 7 0 7
6 1 6 7 1 7
3 1 3 330
5 2 4 6 2 5
2 0 2 3 2 1
4 4 0 5 4 1
441 5 4 2
9 2 8 9 2 7
431 5 3 2
8 1 7 836

observed
strength %s

2.92E-04 2
1.20E-05  3
4.76E-03 2
9.46E-05 2
1.42 E’-O2 5
2.30E-O? 5
9.40E-02 5
1.77E-01  6
6.21E-02 4
2.70F-01  10
1.85E-01  5
2.20E-04 4
4.82E-03 ?
8.00E-02 5
2.51E-02 2
5.60E-05 5
3.92E-04 2
8.32E-06  10
6.03E-05 5
1.57E-04  3
4.32E-03 4
1.37L-03 2
2 .  OIE-01 2
6.84E-04 2
7.02E-02  3
2.41E-02 2
3.20E-01 4
1.43E-01  4
4.04E-01 4
4.27E-OJ 4
1.43E-01  4
1.44E-02 6
6.67E-01  3
1.06E-01  2
3.45E-02 3
2.00E-04 3
4.31E-03 2
3.20E-02 2
9.42E-02 3
3.80E-03 2
3.33E-03  3
1.15E-02 10
3.20E-03 2
9.00E-01  3
1.18E-01  3
2.18E-01  4
1.1 OE-O1 8
3.23E-01  4
2.83E-01  3
8.47E-01 3
1.12E-03 2
1.72E-03 4
4.llE-01 3
1.80E-03  4
1.23E-02  3
5.50E-01  2
1.43E-03 2
3.96E-03 2
3.13E-03 4
8.25E-03 2
2.77E-02 4
9.50E-03 10
5.60E-01  3
1.59E-00 2
5.21E-01 2
8.90E-03 4
1.33E-00 2
1.41E-01  3
3.66E-01 4
1.17E-01  3
1. OIE-02  3
8.46E-01  4
2.33E-O? 3

( o - c ) %a  R

3.31E-04 0.9E
1.50E-05  O.w
2.12E-03 1.0?
1.llE-04 0.95
1.70E-02 0.9S
2.59E-02 0.95

-2.4 1.03
-9.1 0.98
-2.6 1.06
10.1 1.15

2.27E  -01 1.13
3. IIE-04 0.95
5.90E-03 1.07

-1.4 1.09
-7.2 1.02

6.94E-05 0.91
4.85E-04 0.98
1.41E-05  0.66
6.83E-05 1.02
1.79E-04  0.97
4.62E-03 1.06
1.54E-03  1.00
2.21E-01  1.05
1.70E-03  1.07

-4.6 1.10
2.7YE-02 1.04
4.44E-01 1.05

-3.0 1.04
-5.3 1.06
1.8 1.10
2.3 1.11

9.68E-03 1.04
2.2 1.08

1.54E-01 1.04
-2.0 1.08
-4.6 1.05

6.1 OE-O3 1.05
0.5 1.08
-1.4 1.06

4.13E-03 1.04
-7.3 1.03
-7.7 1.04

3.98E-03  1.07
-1.0 1.06

2.63E-01 1.01
2.82E-01  1.07

-4.3 1.07
-6.3 1.04
-1.6 1.07
-1.7 1.07

1.24E-03 1.02
1.90F-03 1.01

-3.1 1.04
5.05E-03  1.05
1.46E-02  1.03
8. OIE-01 1.03

-9.1 1.02
4.40E-03 1.04

-6.9 1.03
-9.6 1.03
-9,4 1.03
-6.9 1.05
-0.5 1.07
-0.5 1.08
-1.8 1.07

1.18E-02 1.04
1.48E-00  1.07

-?.1 1.08
0.4 1.09

-3.7 1.04
-8.9 1.05

I. IIE-00 1.07
- 6 . 2  1 . 0 4

observed u~ r loucr
p o s i t i o n  o-c J Ka Kc J  Ka Kc

3 6 1 9 . 6 1 1 8 2  -7 4 2 2 5 2 3 ”
3621.18047 -5 4 3 2 5 3 3
3623.16565 -3 7 0 7 7 2 6
3628.3463 -19 413 514
3628.69824 -2 7 1 7 7 1 6
3 6 2 9 . 4 4 6 5  -?4 5 0 5 6 0 6
3629.6434 -17 5 1 5 6 1 6
3632.2758 -66 7 1 6 7 3 5
3633.84343 -3 4 ? 3 5 2 4

‘ 3 6 3 5  . 9 7 s 7  O 1 1 1 1 1 1 1 1 1 0
3 6 3 6 . 2 1 0 0  1 6 12 4 9 124 8
3636.5239 -7 10 110 9 3 7
3 6 3 7 . 8 0 5 7  7 10 3 8 10 3 7
3&l.64288 5 31 2 33 1
3641.7f836 4 6 1 5 6 3 4
3.M2.56579  - 6 6 0 6 6 2 5
3643.02526  2 8 2 7 8 2 6
3 6 4 3 . 3 2 9 3 3  12 1 0 1 2 2 0
3 6 4 5 . 2 8 7 1 0  .2 4 1 3 432
3 6 4 5 . 6 0 8 6  - 2 8 4 4 7 6 1
3 6 4 5 . 9 3 1 1 8  9 5 1 4 5 3 3
3646.46362 -2 3 3 0 4 3 1
3647.13830  1 3 2 1 4 2 2
3647.55293 -8 3 3 1 4 3 2
3649.28298 -1 4 0 4 5 0 5
3650.63601  2 414 5 1 5
3651.36505 -11 3 1 2 4 1 3
3652.91230  1 6 1 6 6 1 5
‘ 3 6 5 3 . 8 4 8 0  O 10 10 0 10 10 1
3655.3325 -13 9 1 9 8 3 6
3 6 5 5 . 4 6 6 0  6 9 9 4 6 8 6 3
3656.30351  1 3 2 2 4 2 3
3659.93455  0 5 0 5 5 2 4
3 6 6 1 . 8 8 9 2  2 9 12 93 12 9 4
3 6 6 2 . 7 8 5 1 1  -6 13 5 9 13 5 8
3664.3916? -3 11 4 8 11 4 7
3 6 6 4 . 5 9 8 8  2 9 10 4 6 11 2 9
3 6 6 4 . 6 7 4 ? 7  1 7 3 5 6 5 2
‘3665.0972  55 11 93 11 9 2
3 6 6 5 . 9 5 2 5 4  6 6 3 3 5 5 0
3 6 6 6 . 0 8 3 8 9  2 9 3 7 9 3 6
‘ 3 6 6 8 . 0 6 8 8  o 10 9 1 10 9 2
3668.7 /652  -6 3 0 3 4 0 4
3669.94288 -1 7 2 6 7 2 5
3670.74961 -4 313414
3671.4515  10 8 1 8 7 3 5
3 6 7 ? . 0 9 5 3  9 13 86 13 8 5
3673.4819 -23 1 0 4 7 9 6 4
3674. ?6057  -4 4 0 4 4 2 3
3 6 7 4 . 9 5 7 8  - 7 2 2 0 3 2 1
3676.01950 -3 2 1 1 3 1 2
3677.43838 -4 5 1 5 514
3678.6268 -3 11 84 11 8 3
3678.6367 -24 11 B 3 11 8 4
3679.43622 -9 2 2 1 3 2 2
3 6 8 1 . 4 2 0 4 3  6 8 3 6 7 5 3
3 6 8 1 . 5 4 8 3  -14 10 8 2 10 8 3
3683.93374 12 7 1 7 634
3683.99024 38 12 5 8 12 5 7
36M.2431 13 9 8 2 9 8 1
3684.52780 -10 3 0 3 3 2 2
3 6 8 6 . 4 4 8 9 0  -7 6 2 5 5 4 2
3688.45126 -8 2 0 2 3 0 3
3689.07537 -lo 12 7 5 12 76
3690.31136 -1 2 0 2 2 2 1
3690.90936 -4 8 3 6 8 3 5
3691.29811 -5 2 1 2 3 1 3
3691.84993  2 6 1 6 5 3 3
3692.04209 -2 414 3 3 1
3693.78999  1 6 2 5 6 2 4
3693.8365  23 9 3 7 8 5 4
3 6 9 4 . 2 9 2 7 2  14 10 7 4 10 7 3
3694.3531 -16 10 73 10 7 4

observed
strength 2s

2.05E-00  3
3.03E-01 3
2.05E-02  3
2.75E-00  2
6.33E-02  3
8.69E-01 4
2.53[ -00 2
1.68[-02 2
7.11[ -01 2
9.17E-06  ?
4.11 E-05 3
8.20E-06 10
8.64[-04 3
9.23E-03 2
7.83E-02  ?
1.29E-01 2
8.84E-03  3
2.71E-02  3
6.65E-02  2
3.22E-05  2
3.00E-02  3
3.4?E-01 3
8.74E-01 3
1.07E-00 5
3.95E-00  2
1.27L-00 3
1.33E-00 2
4.7?[-02 5
1.15E-04 2
1.13E-04 2
?.50E-05 6
2.69L-00  3
7.00E-02 3
1.51E-05 4
2.07E-05  2
5.55E-04 2
4.00E-06 10
2,E!JIE-04  3
7,93E-05 2
3.95E-04 2
8.15E-03  2
3.08E-04  2
1.68E-00 2
6.33E-02 ?
4.84E-00 2
1.24E-04  2
5.40[ -06 10
3,30E-06  3
3.00[ -01 3
2.30[ -00 2
4.49E-00 2
2.37E-01  2
1.34E -04 2
4.48E-05 2
7.81E-01  ?
6.88E-05 2
7.37E-04 2
1.03E-03 2
3.93E  -05 4
2,75E-03 2
9.90E-02 2
5.06E-04 2
5.65F  -00 2
6.llE-05 3
1.50E-01  3
8.7EEE -03 4
1.68E-00 2
6.85E-04 2
3.87E-04 3
3.40E -02 10
1,17E-04  10
4 . 8 3 [ - 0 4  2
1.35E -03 7

(o-(:)%a R

-1.2 1.06
3.72[-01  1.07

-8.8 1.03
-1.1 1.07
-8.7 1.04
-1.5 1.07
-3.6 1.06
-1.8 1.09
-4.1 1.05

4.7:; :05 M
1.35E-05  0.77

-8.6 1.09
1.031.-02 1.04

-6.0 1.05
-2.1 1.09

9.99[ -03 1.04
-6.6 1.04

7.31E -02 1.03
- 5 , 9  0 . 9 8
- 7 , 0  1 . 0 4
-3.6 1.05
-1.7 1.06
0 . 6  l.o9
1.2 1.10

-0.3 1.10
1 . 7  1 . 0 9

-0.2 1.15
7 . 7  0 . 9 3

1.41E-04  0.88
-6.4 1.05
-1.4 1.08
-6.7 1.04
- 7 . 4  0 . 8 4

2.48E-05  0.96
6.69 E.-O4 1.01
2.80E-06 1.88
2.47E-04  1.05

8.2 0.98
1.66E-04  0.66
9.95E-03 1.03

4 . 0  0 . 9 5
-0.6 1.08

7.81E-02 1.03
0.5 1.09

-10.2 0.97
-10.5 0.85

5.08E-06 0.80
-3.6 1.07
-1. [) 1.07
0.1 1.08

2.74E.01  1.09
-1.7 0 . 9 3
-1./, 0.94
0.5 1.09

-4.8 0.98
0.5 0.95

-2. ? 1.02
4.63E-05 0.97

2.7 0 . 9 8
-1.6 1.09

4.14E-04  1.05
-0.8 1.07
-5.0 0.93
-1.6 1.08

1.13E-02  1.08
0.3 1.08
0.0 1.00

6.67E-04 1.02
6.60E-02 1.01

-7.9 1.01
3.96E  -04 1.20
1.19E-03  1.1?



obsc r ved
pos i t ion o-c

3694.3787 -35
3695.02731  8
3695.62787 -4
3 6 9 6 . 2 7 2 ?  - 2
3696.8872  29
3696.8993  19
3698.1929 -10

*3699.2685 -24
3699.4937 -44
3700.9759 -39

*3701.4309 -17
3701.76440 -4
3701.80563 -6
3703.8147?  2
3705.1089 -15
3705.35657  6
3705.68071
3 7 0 6 . 5 5 1 7 8  ;
3706.84138 -1
3707.83663 -8
3708.25824 -3
3708.59779 -2
3 7 0 8 . 9 5 9 9 5  3
3709.40224 -7
3709.77840 -7
3710.7057  12
3710.78162  9
371 O.91681 -10
3 7 1 2 . 2 0 4 5  - 7
3712.867 -28
3 7 1 2 . 8 8 0  9 6
3713.8815 -78

*3714.7948 -34
3716.16017 -7
3718.96313  2
3719.7621 -22
3720.13167 -9
3720.7017 -20
3721.87f3 -12
3722.222?1 -3
3722.82650 -15
3723.273L2  2
37?3.37897  4
3723.8792 -70
3724.89368 -1
3724.97444 -7
3 7 2 5 . 6 8 5 8 7  1
3726.616 -97
3 7 2 6 . 6 2 3  -167
3727.00609 16
3727.73751 -7
3750.00041 -1
3732.13433 -2
3732.2834 -32
3752.5048
3754.27265 ‘;
37s , .64486  -8
3734.93076 -2
3755.4065 -23
3 7 3 5 . 4 4 4 7 1  1
3 7 3 5 . 4 9 2 6 4  1
3756.68263 -2
3 7 5 6 . 7 4 3 2 0  -1
3738.40066 -5
3739.09454 -9
3740.35815  7
3740.7745 -15
3 7 4 0 . 8 6 5 2  10
3741.30612 -6
3 7 4 ? . 3 8 5 4  - 4
3 7 4 2 . 7 8 6 0  2 9
3743.94635 -21
3744,18430 -5

u[per (one  r
J  KaKc J  KaKc

5 1 5 4 3 2
9 2 8 8 4 5
7 2 6 6 4 3

12 6 7 12 66
9 7 3 9 7 2
9 7 2 9 7 3
8 2 7 7 4 4
8 7 1 8 7 2

11 5 7 11 56
1 0 3 8 9 5 5
7 7 1 7 7 0
4 14 4 13
1 10 21 1
6 3 3 7 1 6

11 6 5 11 66
10 6 5 10 64
80 8 72 5

10 64 10 6 5
9 4 6 945
5 2 3 4 4 0
9 6 4 9 6 3
9 6 3 9 6 4
64 2 72 5
1 0 1 2 0 2

10 5 6 105 5
8 6 3 8 6 2
8 6 2 8 6 3
7 3 5 734
1 1 1 2 1 2
76 2 76 1
7 6 1 7 6 2

14 6 8 14 69
6 6 0 6 6 1
95 5 95 4
5 2 4 5 2 3
8 4 5 8 4 4
8 5 4 8 5 3

11 6 6 12 k 9
8 5 3 854
3 1 3 3 1 2
75 3 75 2
7 5 2 7 5 3

105 5 10 5 6
10 4 6 96 3
6 5 2 6 5 1
6 5 1 6 5 2
6 3 4 6 3 3
5 5 1 5 5 0
5 5 0 5 5 1
4 3 1 514
74 4 74 3
7 0 7 6 2 4
0 0 0 1 0 1
6 4 3 6 4 2
8 3 5 7 5 2
4 23 4 22
6 4 2 6 4 3
5 4 2 541
74 3 74 4
541 5 4 2
5 3 3 5 3 2
441 4 4 0
4 4 0 441
2 1 2 2 1 1
8 4 4 8 4 5
6 2 4 5 4 1
4 2 2 5 0 5
3 2 1 4 0 4
4 32 43 1
413 3 3 0
541 6 2 4
4 3 1 4 3 2
5 3 2 5 3 3

observed
strength Xs ( o - c ) X *  R

3.35E-03 10 2.78E-03 1.06
2,08E-04 2  2.36E-04 0 . 9 4
1.09E-03  2 4.6 1.03
3.llE-05 10 3.71E-05 0 . 8 8
4.58E-03 4 6 . 0  1 . 0 4
1.53E-03  4 6.3 1.04
1.74E-04  5  1.94E-04  0 . 9 4
2.llE-O? 3  1.8M-02 1 . 1 0
6,09E-04 2  6.95E-04 0 . 9 9
1.55E-05  5 1.81E - 0 5  0 . 9 7
5.90E-O? 10 6.9 1.04
1.95E-01  3  1.72F-01  1 . 0 7
1.15E-00 2 -3.6 1.05
1.39E-03  3  9.33E-04 1 . 1 8
1.63E-04  10 - 5 . 2  0 . 9 9
7.llE-04 2 -1.0 1.02
6.42E-04  3 -6.9 1.01
1.98E-03  3 - 7 . 8  0 . 9 5
9.50E-03 6  1.21E-02 0 . 9 7
3.59E-04 2  4.06E-04 1 . 0 2
7.71E-03 2 - 2 . 9  0 . 9 9
2.60E-03  3 - 1 . 6  1 . 0 1
9.00E-05 10 2.45E-04 1.08
1.76[-00 3 1.1 1.09
9.llE-04  4  1.02E-03  1 . 0 0
8.37E-03  2 - 3 . 8  0 . 9 8
2.75E-02 4 5.4 1.08
7.43E-02 2  1.09E-01  1 . 0 6
3.71E-00 2 -1.3 1.07
8.32E-02 6 8 . 0  1 . 0 9
2.78E-02 6 8.3 1.10
1.65E-06 5  3.19E-06  0 . 5 8
2.81E-01  5 2.1 1.03
1.09E-02 2 -7.3 1.02
5.18E-01  2 5.0 1.03
1.32E-02 7 -10.1 1.08
1.23E-02 3 -7.3 1.00
3.20E-06  10 2.49E-06 0 . 6 9
3.72E-02 2 -5.6 1.01
1. OIE-00 2 1.08
1.16E-01  8 -::? 1.03
3.78E-02 3 -4.2 1.01
2,57E-03 2  2.96E-03 0 . 9 9
1.13E-05  2  2 . 0 9 [ - 0 5  0 . 7 0
1 .  OIE-01 3 - 4 . 9  0 . 9 9
3.18E-01 3 -0.2 1.04
6.71E-02 2 1.08E - 0 1  1 . 0 2
7.70E-01  4 -0.5 1.02
2.57E-01  4 -0.4 1.03
2.43E-03 3 4.64E -03 1.03
1.25E-01  7  1.40E-01  1 . 0 3
8.19E-04 2 -0.7 1.05
3.25E-00  3 0.5 1.08
1.20E-01  10 -8.3 1.03
2.95E-04 4  3.63E-04 O.W,
4.00E-01  2 1.7 1.04
3.56E-01 2 -9.0 1.03’
9.60E-01  4 -0.8 1.07,
4 . 1 0 [ - 0 2  1 0  4.59E-02 1.05
3.18E-01  2 -1.3 1.061
6 . 1 O E - O 1  4  8.66E-01  1 . 1 0
7.31E-01  2 0.8 1.051
2.17E-00 2 -0.3 1.04
6.69E-01  4 5.3 1.121
3.32E-02 2  4.25E-02 1 . 0 4
2.72E-03 3 -8.8 1.01
4.50E-03 4 -2.5 1.09
4.75E-03 2 -1.1 1.11
5.64E-01  4  6.81E-01  1 . 0 9
9.13E-03 4 -2.0 1.06
5.26E-05 2  8.56E-05 1 . 2 3
1.52E-00  4  ?.03E-00 1 . 0 6
1.13E -01 2 2. EME-01  1 . 0 1

observed
p o s i t i o n  o - c

3 7 4 4 . 5 0 9 5 3  6
3744.6511 -23
3745.08665 -14
3746.1322?  3
3 7 4 8 . 9 6 6 6 8  7
3?49.32918 -1
3749.57387  2
3750.35256 -1
37>2. ?1253 -7
3754.66548 4
3 7 > 4 . 8 0 9 1 2  0
3756.61637 -5
3759.05008 -3
3759.84453  3
3760.36371 -3
3762.47461  3
3 7 6 4 . 4 5 5 8  5
3765.76026 -1
3766.05675  0
3766.36970 -1
3769.88901  4
37X1.15237 -9
37 fl.2164 - 2 6
37{5.4L271 - 2
377.3.92682 -2
3776.5L619  O
3 7  f8.34031  -1
3 7 7 9 . 4 9 3 1 1  0
3779.76218 -5
3780.455 -77
3781.4621 -50
3784.58370 -4
3787.42186 -1
3 7 8 7 . 9 4 8 8  21
3788.64855 -10
3788.80963  2
3 7 8 9 . 5 0 0 1  0
3793.82515  1
3796.43955  3
3797.78793  0
3 7 9 8 . 5 2 3 5  2 9
3801.41875 11
3802.35062 26
3802.9tJ564  O
3 8 0 4 . 8 9 3 9  1
3805 .23162  9
3806.05000  3
3806.3531 -19
3807.01355 -4
3808.01870  1
3808.59505  4
3 8 0 9 . 1 1 0 8  - 6
3 8 1 0 . 8 2 4 6  5
3815.64696  2
3816.09162 -6
3818.34118  5
3 8 1 8 . 9 3 1 2  - 2
3819.90390 -27
38?0.75857  4
38?1.76403 -17
38?3.27580  2
3825.2618 -12
38?6.75401  5
3827.50433  2
3 8 2 7 . 9 9 9 5 5  9
3831.2640  16
3831.68608 -21
3834.98299 -3
3837.86922 -6
3839.46?03 -4
3839.92933  0
3840.12611 24
3841.04480 -8

upper lower
J Ka Kc J  Ka Kc

3 2 2 3 2 1
3 3 1 3 3 0
3 3 0 3 3 1
9 4 5 9 4 6
6 0 6 5 2 3
1 1 1 1 1 0
2 2 1 2 ? 0
2 2 0 3 0 3
2 2 0 2 2 1
3 0 3 2 2 0
3 3 0 4 1 3
3 2 1 3 2 2
6 3 3 6 3 4
1 1 0 1 1 1
5 0 5 4 2 2
4 0 4 3 2 1
6 2 4 7 0 7
4 2 2 4 2 3
5 1 4 4 3 1
9 3 6 8 5 3
2 1 1 2 1 2
8 4 5 9 2 8
6 5 1 7 3 4
9 4 6 1 0 2 9

104 6 10 4 7
7 5 3 8 3 6
4 4 0 5 2 3
1 0 1 0 0 0
5 2 3 5 2 4
6 4 3 7 2 6
8 6 3 9 4 6
3 1 2 3 1 3
7 1 6 633

1 2 3 9 1 3 1 1 2
1 1 4 8 1 2 2 1 1
11 4 7 11 4 8
12 4 8 11 6 5
8 2 6 7 4 3
2 1 2 1 1 1
624 6 2 5
4 3 2 5 1 5
2 0 2 1 0 1

11 2 9 10 4 6
413 4 1 4
82 6 9 09
331 414
9 3 6 9 3 7
76 2 84 5
2 1 1 1 1 0
92 7 84 4

12 4 8 12 4 9
7 3 5 8 1 8

1 0 2 8 9 4 5
2 2 1 2 0 2
3 1 3 2 1 2
7 2 5 7 2 6

11 38 10 5 5
3 2 2 3 0 3
3 0 3 2 0 2
3 2 2 221
5 1 4 5 1 5
9 2 7 10 010
3 2 1 2 2 0

10 3 7 10 3 8
4 2 3 4 0 4

12 3 9 11 5 6
3 1 2 2 1 1
414 3 1 3
4 0 4 3 0 3
8 2 6 8 2 7
4 32 33 1
5 2 4 5 0 5
431 3 3 0

observed
strength %s

2.84E-00 5
4.46E-00 4
1.48E-00 4
2.03E-03 3
8.39E-03 4
4.30E-00  2
1.95E-00  2
1.60E-02 5
5.85E-00 2
1.36E-02  2
7.71E  -04 2
9.23E-01  2
2.676-01  3
1.40E-00  3
7.74E-03  5
4.66L-02  2
2.88E-05 4
1.18E-00 2
7.05E  -03 2
9.75E-05  2
1.90E-00  2
2.26E-05  2
3.60E-06 10
5.35E-06 3
2.76E-03 5
3.08E-05 2
9.34E-05 2
l.l IE-00 4
1.71E-01  3
4.80E-06 3
7.20E-06 10
3.33E-01  3
3.78E-03 10
4.1 OE-O6 8
1.35E-05  4
2.31E-04  2
4.96E-06 5
3 . 1 2 [ - 0 3  2
1 . 3 7 [ - 0 0  2
2 .  OIE-01 3
2.84E-05 3
5.75E-00 2
3.08L-05  5
5.2?E-01  2
4.83E-05 2
2.94E-04 2
3.31E-03  2
1.79E -05 2
3.92E-00  2
5.24E-04 2
1.44E-04  3
9.51E-05 3
4.86E-04 3
4.78E-02  2
5.78E-00 2
2 . 6 3 [ - 0 2  2
2.80E-05 8
2.78[ -01 3
2.17E-00 2
2.65E-00 2
9 . 4 4 [ - 0 2  2
1.64E-05  3
8.45E-01  2
2.90E-03 4
9.50E  -02 2
2.74E-05 4
1.71E -00 2
1.84E-00 3
6.13F-00 2
3.07E-O? 3
3.85E-01  3
1.86E-01  2
1.14E-00  2

( o - [ ) %a  R

5.6 1.11
1.9 1.08

3.8;;~03  ;::;
1.1 1.06

-0.4 1.07
0.3 1.07

-5.8 1.05
0.7 1.08
3.1 1.09

8.64[”-04 1.07
4s2 1.09

3.15[ -01 1.06
- 2 . 8  1.04
-2.4 1.02
0.5 1.05

4.13E -05 1.56
2.2 1.05

-2.8 1.03
- 5 . 6  0 . 9 6
-0.4 1.06

8.19E-06 0.93
9.34E-08 0.74
2.54E-05  0.96

0.8 1.04
8.61E-06 0.92
1.42E-04  1.08

-1.7 1.06
7.1 1.08

2.90E-07 0.93
3.14F-06 1.05

2.6 1.08
0.5 1.04

3.45E-06 0.89
8.78E-06 0.95
2. OIE-04 1.00
5.55E-06 0.86

-3.2 1 . 0 1
-0.(, 1.08

4.!1 1.05
8.56E-05 1.07

0.!1 1.08
3.65E  .05 0.89

1.2 1.06
3.17t .05 0.92
3.69E.04  1.12

6.6 1.00
7.53E-06 0.99

-0.2 1.07
-3.3 1.00

1.24E -04 0.98
2.54E-05  1.02

- 4 . 9  0 . 9 9
7.7 1.16
0.2 1.08
4.6 1.04

-5.9 0.93
3.2 1.10
0.2 1.07

-1.0 1.09
3.6 1.07

1.08[-05 1.01
-4.0 1.04

2.57E-C13  1.04
-0.6 1.07
-1.4 1.00
-0.5 1.06
-4.6 1.07

1.4 1.08

4.2;;~Ol ~:~
2.12F-01  1.03
1.27E-00  1.05



observed uppw
posi t ion o-c J Ka KC

3843.50462 -8 615
3843.75074 -4 4 2 3
3844.8472 -3 5 3 3
3848.8375 -21 1 0 3 8
3849.05949 0 7 3 5
384’9.6520 34 4 3 2
3849.86689 -2 6 2 5
3850.1992 49 14 4 10
3852.05752 -5 5 1 5
3853.96617 -7 4 2 2
3854.09054 -1 5 0 5
3854 .4382? -1 413
3856.70411 -1 3 3 1
3857.16419 -9 5 4 2
3857.42489 -4 5 4 1
3858.17675 5 8 3 6
3859.40888 5 9 ? 7
3861.78775 -11 5 3 3
3862.49151 -12 7 1 6
3863.31982 -5 2 2 0
3864,30996
:5865.11147
3866.10922
:5866.75920
:5848.62621
:5869.19255
:5870.12933
3871.45334
3871.49690
3872.75552

I ouer
J Ka KC

6 1 6
3 2 2
5 1 4

11 1 11
7 1 6
4 1 3
6 0 6
14 4 11
414
321
4 0 4
3 1 2
3 1 2
441
4 4 0
8 1 7
9 2 8
4 3 2
7 1 7
101

-5 532431
-2 5 2 4 4 2 3
4 7 2 6 7 0 7

10 1 0 4 7 1 0 2 8
1 8 4 5 8 2 6

-5 6 1 6 5 1 5
-4 6 0 6 5 0 5

1 6 5 2 5 5 1
-7 6 5 1 5 5 0
13 1 1 4 8 1 1 2 9

3874.40219 -4 5 1 4 4 1 3
3876.56499 8 7 4 4 725
3877.42595 6 1 0 2 8 1 0 2 9
3877.8592 30 1 2 3 1 0 1 3 1 1 3
3878.8077 42 1 2 5 8 1 2 3 9
3879.94944 -6 6 4 3 5 4 2
3880.1401 -2 8 1 7 8 1 8
3880.19146 4 5 2 3 4 2 2
3880.35470 -2 6 2 5 5 2 4
3881.02852 -2 6 4 2 5 4 1
3881,6554 - 7  1 2 4 9 1 2 2 1 0
3881.87529 2 8 2 7 8 0 8
3882.93702 2 1 0 3 8 1 0 1 9
3883.26659 -4 6 3 4 5 3 3
3884.0037 -16 7 6 2 6 6 1
3884.011 53 7 6 1 6 6 0
3885.2659 -18 1 1 5 7 1 1 3 8
3886.07711 -24 7 0 7 6 0 6
3807.29052 1 6 4 3 6 2 4
3888.02770 0 3 3 0 3 1 3
3891.29955 0 6 1 5 5 1 4
3892.1447 4 1 3 4 1 0 1 3 2 1 1
3892.82703 -2 3 2 1 2 0 2
3893.66732 -3 1 1 2 9 1 1 2 1 0
3894.06345 6 7 5 3 6 5 2
3894.2872 -21 7 5 2 6 5 1
*3895.1447 O 8 7 1 7 7 0
3896.41966 -6 1 1 3 9 1 1 1 1 0
3896.78093 6 9 1 8 9 1 9
3897.56755 -3 9 2 8 9 0 9
3898.7616 21 5 4 2 5 2 3
3899.21671 -3 6 3 3 5 3 2
3899.44135 -1 7 2 6 6 2 5
3901.6664 -17 8 1 8 7 1 7
3901.84695 -3 8 0 8 7 0 7
3902.24993 0 7 4 4 6 4 3
3904.18862 -7 6 2 4 5 2 3
3904.29472 -13 7 3 5 6 3 4
*3905.0054 53 9 8 2 8 8 1
3905.1263 9 6 4 2 7 0 7
3905.37036 -9 7 4 3 6 4 2
3906.0647 -32 7 1 6 6 1 5
3906.1574 -31 8 6 3 7 6 2

observed
strength %s ( o - c ) %a  R

1.42E-01  3
1.03E -00 3
5.50E-02  3
1.14E-OS 3
3.62E-02  3
t.53E-02 6
3.45E-02  4
5.00E-06 10
4.75E-00  3
3.06[-00 2
1.65E-00 3
4.80E-00  3
2.24E-02  3
4.60E-01 3
1.53E-01 3
6.60E-03  2
3.60E-03  3
1.16E-00 2
2.40E-02  2
1.13E-01 2
2.81E-01
2.32E-00
6.30E-02
4.50E-04
1.83E-03
1.16E-00
3.55E-00
4.26E-02
1.25E-01
4.8EI-04

2
3
5
3
2
3
3
2
3
2

1.17E-00 2
7.67E-03  2
3.65E-03  3
2.30E-06  10
1.34E-05 3
1.43E-01 2
3.24E-02  3
8.75E-01 3
5.41E-01 2
4.42E-01 3
4.ELW-05  2
9.83E-03  2
1.llE-03 2
2.83E-01 3
2.85E-02  5
9.50E-03  5
1.05E-04 4
7.30E-01 2
2.78E-03  2
2.50E-03  3
2.20E-00  2
3.50E-05  4
7.30E-02  4
3.72E-04  3
9.7CIE-02  6
3.45E-02  3
5.63E-03  2
1.06E-03 3
4.07E-03  4
1.24E-02 3
6.39E-03 2
6.85E-01 2
1.14E-00 2
4.20E-01 3
1.26E-00 2
2.86E-01 2
1.62E-00 4
5.24E-01 2
7.18E-04 2
2.63E -05 4
9.30E-02  4
4.1 OE-O1 5
6.90E-03  3

-;:: ):
7.56E-02 1.05
7.49E-06  1.02
4.37E-02  1.07
1.85E-02 1.07
4.19E-02  1.09
11.7 0.93
-1.0 1.07
-3,4 1.03
1.5 1.08

1.02
-H 1.04
1.5 1.04
1.4 1.03

-9.4 1.04
5.7 1.04

1.39E-00 1.04
7.3 1.10
0.1 1.07

4.58E-01
2.79E-00

-1.5
-7.6

2.1 OE-O3
1.0

:::
1.8

-1.1

.05

.05

.04

.01

.00

.07

.09

.04

.02

.01
1.4 1.06

8.73E-03 1.00
7.1 1.04

1.62E-06 1.04
-8.2 0.96
-3.8 1.00
9.0 1.11
1.8 1.07

6.47E-01  1.04
-0.5 1.04
2.9 1.00
2.2 1.05
5.3 1.05

3.48E-01  1.04
9.8 1.10

1.2;;T04 ;:;
-0.0 1.06

3.07L-03 1.03
-2.8 1.07
0.7 1.05

-0.4 0.92
-2.9 1.03
7.2 1.03

-10.5 0.91
-4.4 0.97
0.8 0.97
5.8 1.03
3.0 1.04
5.7 1.07

7.22E-03  1.00
1. OIE-00 1.05

-1.6 1.04
2.0 1.08
1.9 1.08

-3.8 1.02
-2.1 1.01

6.29[-01 1.00
0.2 0.93

1.15E-05 1.10
-5.1 1.02
0.1 1.04
2.3 1.01

observed u;per louer
p o s i t i o n  o-c J Ka Kc J Ka Kc

3906.1983 -18 8 6 2 7 6 1 ’
3908.58147 -1 12 2 10 12 2 11
3909.03739 3 4 4 1 4 2 2
3909.91418 0 12 3 10 12 1 11
3910.5387 21 9 5 5 9 3 6
3912.70679 1 1 0 1 9 1 0 1 1 0
3913.02713 -10 1 0 2 9 1 0 0 1 0
‘3913.8546 9 1 0 9 1 9 9 0
3914.4141 15 4 12 15 2 13
3916.32875 -: 8 2 7 7 2 6
3916.7847 2 9 7 3 8 7 2
3916.7926 82 9 7 2 8 7 1
3917.2086 -9 8 5 3 7 5 2
3917.28587 -6 91 9 81 8
3917.36263 -16 9 0 9 8 0 8
3920.0886 -15 817 7 1 6
3921.52710 6 5 3 2 5 1 5
‘3921 .7830 11 10 2 10 10 1
3922.5387 1; 13 2 11 13 2 12
3923. J6440 5 13 3 11 13 1 12
3923,7937 -26 8 4 5 7 4 4
3924.3727 -9 8 3 6 7 3 5
3924.48877 7 4 4 0 4 2 3
3925.13435 6 7 3 4 6 3 3
3925.17576 -11 7 2 5 6 2 4
3925.8857 1 8 5 4 8 3 5

13926.027 -26 1 0 8 2 9 8 1
3928.02987 1 9 6 4 8 6 3
3928.08758 -1 1 1 1 1 0 1 1 1 1 1
3928.20142 4 9 6 3 8 6 2
3929.36088 -6 4 2 2 3 0 3
3930.56606 3 8 4 4 7 4 3
3932.13541 -15 9 ?  8 8 2 7
3932.5454 16 10 1 10 9 1 9
3932.58070 0 10 0 10 9 0 9
3934.10055 -2 9 1 8 8 1 7
‘3934.2620 -34 11 9 3 10 9 2
3935.13027 2 3 3 0 211
3935.762 -307 1 4 2 1 2 1 4 2 1 3
3936.0358 -30 1 4 3 1 2 1 4 1 1 3
3938.07778 -19 1 0 7 4 9 7 3
3938.11055 -8 1073 9 7 2
3938.2908 -9 9 5 5 8 5 4
3938.45846 7 64 2 62 5
3940.30553 -1 7 5 3 7 3 4
3940.588W  3 9 5 4 8 5 3
‘3941.5300 -1oo 12 10 2 11 10 1
3941.6351 32 8 4 4 9 0 9
3942.65235 -12 8 ?  6 7 2 5
3942.88695 -13 9 3 7 8 3 6
3943.0087 -18 12 1 11 12 1 12
3943.0715 24 12 2 11 12 0 12
3944.36797 -30 9 4 6 8 4 5
3946.6083 9 11 8 4 10 8 3
3946.613 -82 11 83 10 8 2
3947.1742 6 10 2 9 92 8
3947.4631 -21 11 1 11 10 1 10
3947.477 -135 1 1 0 1 1 1 0 0 1 0
3948.17703 -11 1 0 1 9 9 1 8
3948.4713 -1 15 3 13 15 1 14
3949.57283 0 1 0 6 5 9 6 4
3949.9837 0 8 3 5 7 3 4
3950.1417[ -4 1 0 6 4 9 6 3
3950.57352 -4 3 3 1 2 1 2
3951.97760 9 6 5 2 6 3 3
3953.09761 -6 4 3 1 3 1 2
3953.5424 -10 7 4 3 7 2 6
3954.158 -15 12 93 11 9 2
3955.24158 0 9 4 5 8 4 4
3956.88258 1 9 2 7 8 2 6
3957.5144 75 13 1 12 13 1 13
3957.5344 0 1 3 2 1 2 1 3 0 1 3
3959.02056 -4 71 7 5 10 74

observed
strength Xs

2.08E-02 2
3.04E-04  2
1.08E-03 2
1. OIE-04 4
4.21[-04 2
4.34~-03  2
1.48E-03 2
7.41+E-05  4
1.85E-06  10
2.1 OE-O1 3
2.95E-03  2
9.83E-04 2
6.00E-02  3
6.50E-01 4
2.18E-01 3
6.50E -01 3
5.84E-04 3
6.1 OE-O6 2
2.65E-05 2
8.00E-05  2
4.9W-02 3
9.80E-02  3
2.38E-03 3
1.86E-01 5
2.99E-01 2
2.02E-04 2
4.60E-04 5
1.06E-02 2
5.12E-04 4
3.58E-03  2
1.96E-01 3
1.38E-01 2
2.90L-01 3
9.80 E_-02 5
2.80E-01 6
9. IOE-02 5
3.50E-05  5
1.33E-02 4
1.80E-05  10
6.22t-06  4
4.7fk-o~ 2
1.33E-03 2
2.98f-02  3
2.35[-03 3
7.12E -04 2
9.80[-03 4
3.06F-06  4
1.75E-05 3
4.21E-01 4
‘1.33E-01 3
4.40E-04 6
1.40E-04 5
6.61F-02  2
1.37t-04 4
4.58E -05 4
4.00E-02 10
1.32E-01 4
4.43E-02  4
1.24E-01 5
3.27t-06  4
1.46E-03 3
2.95F-01 2
4.2?E-03  3
2.41[-02 3
2.19E-04 2
7.50E -02 2
3.33E -04 2
1.33[-05 10
1.59E-02 2
5.80E -02 4
4.48E-05  2
1.34E-04 2
4.93E-04  2

( o - c ) %a R

2.8 1.01
5.4 1.00

-8.6 1.03

4.7Y04 i:::
6.7 1.00
2.8 1.06
2.1 0.91

1.55E-06 1.03
3.6 1.07
0.3 0.97
0.3 0.96
-7.2 0.95
3.7 1.09
4$3 1.10
3.9 1.07

1.62[ -03 1.01
3.3 0.88
8.3 1.01

10. O 1.02
-5.4 1.02
-9.2 1.01

2.69E  -03 1.01
-5.6 1.04
1.6 1.04

2.33E-04 1.00
2.8 0.95
-1.4 0.98

-::; ::;
-0.9 1.04

1.54E-01 1.03
2.1 1.04
2.5 1.08

-2.4 1.03
-5.2 0.97

4.04E-05  0.7/
0.1 1.05
5.5 0.96
9.9 1.00
2.9 1.00
-4.4 0.92
-2.6 1.00

2.92E-03  0.99
8.50E-04  0.98

-3.2 1.00
5.3 0.90

8.97E .06 1.20
3.9 1.05
-7.5 0.97
-0.1 0.97
-4.5 0.93
-7.4 1.01
-2.6 0.90
-2.5 0.91
0.7 1.06

1.19E-01 1.17
3.95E-02  1.18

3.3 1.05
-9.4 0.81
-3.6 0.96
3.6 1.06
-7.0 0.93
-0.8 1.03

2.73E-04 0.96
9.02E-02 1.02
4.44E-04 1.01
-11.6 0.79

2.25E-O? 1.01
5.6 1.05
9.2 1.o6
9.0 1.06
-5.9 0.91



~’able 8 continued

observed uw r
pos i t ion o-c J Ka Kc

3959.14182 2 1 1 7 4
3959.50315 3 1 0 5 6
3959.72385 -1 1 0 3 8
3959.88126 3 5 5 1
*3960.701 99 13 10 4
3960.77651 2 6 3 3
3961.71241 -13 11 2 10
*3962.040 -199 12 0 12
3962.18706 -2 11 1 10
3963.84268 -4 1 0 4 7
3964.3656 32 1 0 6 5
:}964.59460 O 6 5 1
3964.72956 -6 5 5 0
:;964.80043 -2 1 0 5 5
:5966.2257 -12 7 5 2
3966.7496 -18 1 2 8 5
3966.7758 -22 1 2 8 4
3969.1385 6 1 0 2 8
3970.68035 6 1 1 6 6
3970.92830 7 853
3971.6275 11 14 ? 13
3971.6563 4 14 1 13
3972.1234 -24 9 3 6
3972.24483 -17 1 1 6 5
3972.65547 -2 5 3 2
3973.91817 -6 5 2 3
3975.13933 1 1 1 3 9
3975.7795 -19 12 2 11
3976.00866 -4 12 1 11
3976.2031 14 8 4 4
*3976.2639 74 13 1 13
3979.4062 26 9 6 4
3979.5942 -7 1276
3979.77063 0 1 1 5 7
3979.96762 22 1 2 7 5
3980.2692 -2 9 5 4
3980.83483 -5 1 1 2 9
3982.0636 -12 1 1 4 8
3982.87038 14 4 3 2
3984.2262 21 15 2 14
3985.1324 75 15 1 14
3986.4447 -1 1 3 8 6
3986.5267 0 1 3 8 5
3989.56902 7 13 1 12
3989.826f+5 -6 1 1 5 6
3990.2724 -14 14 0 14
3990.572? 21 8 6 3
3990.71351 0 1 0 3 7
3991.17670 -? 1 2 6 7
3992.66825 3 12 2 10
3994.84305 -6 12 6 6
3995.0273 -27 1 0 4 6
3995.96945 -5 1 0 5 5
3997.82504 35 7 6 2
3998.83305 5 1 2 4 9
3998.89018 -15 1 2 5 8
3998.9587 30 9 6 3
3999.6846? 13 8 6 2
3999.74858 7 1 3 7 7
4000.2042 15 7 3 4
4000.7509 10 1 3 7 6
4002.0724 -1 6 6 1
4002.7682 -11 14 2 73
4002.8612 -3 14 1 13
4002.96797 -4 13 3 11
4003.1?85 18 6 6 0
*4003.5893 28 15 1 15
4004.70534 -5 13 2 11
4005.48730 9 1 1 3 8
4005.6792 0 1487
4005.9188 0 1 4 8 6
4006.6311 -62 9 4 5
4008.57135 1 6 3 3

i owe r
J Ka Kc

1 0 7 3
9 5 5
9 3 7
5 3 2
12 10 3
6 1 6
1 0 2 9
11 0 11
1 0 1 9
9 4 6
1 0 4 6
6 3 4
5 3 3
9 5 4
7 3 5
1 1 8 4
1 1 8 3
9 2 7
1 0 6 5
8 3 6

14 0 14
14 1 14
8 3 5
1 0 6 4
4 1 3
4 0 4
1 0 3 8
11 2 10
11 1 10
8 2 7
12 1 12
9 4 5
1 1 7 5
1 0 5 6
1174
9 3 7
1 0 2 8
1 0 4 7
3 1 3

15 0 15
15 1 15
1 2 8 5
1 2 8 4
12 1 11
1 0 5 5
13 0 13
8 4 4
9 3 6
1 1 6 6
1 1 2 9
1 1 6 5
9 4 5
1 0 3 8
7 4 3
1 1 4 8
1 1 5 7
9 4 6
8 4 5
1 2 7 6
7 1 7
1 2 7 5
6 4 2

13 2 12
13 1 12
12 3 10
6 4 3

14 1 14
12 2 10
1 0 3 7
1 3 8 6
1 3 8 5
9 2 8
5 1 4

observed
strength %s

1.62E-04 2
3.81E-03  2
1.86E-02 3
3.88E-04 2
9.60E-07 10
1.26E-03 2
4.98E-02  3
6.60E-02 4
1.65E-02 4
8.51E-03  2
5.83E-06  4
5.1 OE-O4 2
1.21E-04 4
l.ll E-02 2
1.37E-04 2
1.54E-05 2
4.62E-05 2
6.48E-02  6
1.54E-03 2
2.15E-04 2
1.(l?k-C15 2
3.15E-05  3
3.70E-02  8
4.96[-04 3
2.40E-02 2
3.52E-02  4
2.12E-02  2
5.40E-03 4
l,66E-02 2
2.06E-04 2
2.40E-02 4
2,63E-05 4
5.03E-05 2
3.94E-03  4
1.63E-04 4
2.52E-05 2
7.llE-03  4
8.88E-03  2
1.05E-02 4
5.40E-06 4
2.74E-06 10
‘I,21E-05 2
4.20E-06 5
1.62E-03 2
1.15E-03 2
4.70E-03 10
1.20E-05 10
4.00E-02  3
1.49E-04 2
6,70E-03  3
4.30E-04  3
1.82E-02 4
1.55E-05 3
3.22E-05  2
9.12E-04 2
3.67E-04  2
3.60E-06 10
2.40E-05 3
3.95E-05  3
8,90E-05  2
1.30E-05  10
6.85E-06  3
4.62E-04 3
1.38E-03 2
1.83E-03 2
2.09E-05 3
1.81E-03 4
6.29E-04 2
4.21E-03  2
8. EM-07 10
2.60E-06 7
3.51E-06 10
6.26E-02  3

( o - c ) %a  R

-7.2 0.9(
-6.6 0.97
-0.5 1.01

4.97L-04 0.95
0.5 0.85

1.45E-03 l.l C
9.4 1.12

5.92E-02  1.lI!
8.5 1.11
-7.4 0.95

7.46E-06  0.93
6.70E-04 0.94
1.54E-04 0.97

-8.1 0.97
1.82E -04 0.94

-2.2 0.91
-2.2 0.91
6.5 1.05
-4.5 0.96

2.94E-04 0.92
4.0 0.9.!

-N M
-8.1 0.93

3.97E-02  0.9S
-0.6 1.03

::: M
7.2 1.08

3.66E-04  0.95
2. OIE-02 1.24
3.76E-05  0.90
-10.0 0.85
-5.6 0.98
-1.6 0.96

3.64E-05  0.92
3.7 1.02
-4.4 0.98

1.22E .02 1.01
7. IIE-06 1.01
2.37E-06  1.08

-9.9 0.85
-5.7 0.88
1.1 1.01

1.34E-03 0.93
0.9 1.07

1.79E-05 0.92
-0.2 0.97

1.(AE-04 0.91
5.3 1.02

4.87E-04  0.89
2.52E-02 0.98
2.62E-05  0.89
6.05E-05 0.78

-1.5 0.97
4.13E-04 0.91
7.96E-06  0.64
4.33E-05  0.81
4.51E-05  0.87

3.2 1.02
1.50E-05 0.86
1.43E-05 0.75

2.3 1.01
1.8 1.01
3.2 0.99

4.23E-05 0.7/
3.9 1.07

::; :::
1.08E-06  0.76
3.23E-06 0.74
1.91E-05 0.78
9,77E-02 1.06

observed upper lower
paition o-c J  KaKc J KaKc

4010.83459 -7 13 68 12 6 7
4012.69465 -1 4 4 0 3 2 1
4014. C17811  o 1 3 4 1 0 1 2 4 9
4014.45252 -6 12 5 7 11 5 6
4014.6134 -18 1 5 2 1 4 1 4 2 1 3
4015.38622 -2 11 4 7 10 4 6
4015.54974 -12 1 5 1 1 4 1 4 1 1 3
4015.85533 0 1 4 3 1 2 1 3 3 1 1
4016.81427 -1 14 2 12 13 2 11
4017.03585 7 12 3 9 11 3 8
4018.2400 6 13 6 7 12 6 6
4018.51545 -4 441 3 2 2
4019.46646 8 5 3 3 4 1 4
4019.9?42 5 5 4 2 5 0 5
40?1.6387 5 14 7 7 13 76
4024.4186 0 15 88 14 8 7
4025.3513 -15 6 2 4 5 0 5
4026.7762 4 1 3 3 1 0 1 2 3 9
4027.9372 16 14 4 11 13 4 10
4027.9877 0 15 2 13 14 2 12
4028.1788 0 1 6 1 1 5 1 5 1 1 4
4028.25661 0 15 3 13 14 3 12
4029.4284 9 14 6 9 13 6 8
~4029.5240  O 17 1 17 16 1 16
4029.7i970  6 5 4 1 4 2 2
4033.2590 -11 1 4 5 1 0 1 3 5 9
4034.53824 -8 124 8 11 4 7
4035.35121 8 135 8 12 5 7
4036.35793 0 1 4 3 1 1 1 3 3 1 0
4038.3814 0 15 7 9 14 7 8
4040.368 0 17 2 16 16 2 15
4040.375 17 1 16 16 1 15
4040.6646 -: 1 5 4 1 2 1 4 4 1 1
‘4041 .9231 1 8 0 1 8 1 7 0 1 7
4042.3 C1390 12 14 68 13 6 7
4043.7{r45  1 7 3 4 6 1 5
4044.85916 1 6 4 2 5 2 3
4044.90985 8 5 4 2 4 2 3
4045.2764 0 1 5 3 1 2 1 4 3 1 1
4048.17{6 -5 8 3 5 8 1 8
4048.33872 0 15 5 11 14 5 10
4050.3682 11 134 9 12 4 8
4051.5660 0 17 3 15 16 3 14
4051.7434 0 17 2 15 16 2 J4
4052.522 0 16 4 13 15 4 12
‘4053.9412 O 19 1 19 18 1 18
4055.1422 16 3 13 15 3 12
4060.37727 ; 7 4 3 6 2 4
4060.6094 8 6 3 4 5 1 5
4062.4290 -11 1 4 4 1 0 1 3 4 9
4063.765 0 17 4 14 16 4 13
4071.3550 0 1 5 4 1 1 1 4 4 1 0
4072.75 -120 7 4 4 7 0 7
4075.85523 -2 6 4 3 5 2 4
4076.2589 -28 14 5 9 135 8
4078.5091 0 1 6 4 1 2 1 5 4 1 1
4079.39345 9 8 4 4 7 2 5
4081.25281 1 7 2 5 6 0 6
4084.85534 6 5 5 0 4 3 1
4085.6-345 9 9 1 9 7 2
4086.17644 -: 5 5 1 4 3 2
4086.5085 0 1 6 6 1 0 1 5 6 9
4088.0895 13 4 4 0 3 0 3
4088.12631 3 8 3 5 7 1 6
4103.8846 0 16 5 11 15 5 10
4104.10542 -4 9 4 5 8 2 6
4104.76123 0 6 5 1 5 3 2
4106.02127 4 7 3 5 6 1 6
4106.06338 0 7 4 4 6 2 5
4109.55832 4 6 5 2 5 3 3
4114.3785 43 9 5 5 9 1 8
4121.37112 -11 7 5 2 6 3 3
4123.5067 25 541 4 0 4

observed
strength %s

1.18E-04 2
1.47E -02 5
7.4?E-04 2
9.12E-04  2
2.52E -04 2
2.6K-03 2
1.19E-04 2
1.57k-04 2
4.63E-04 2
3.39[-03 3
3.82E-05  2
4.44E-03  4
3.00E-02  4
3.41E-05  4
8.60E-06 10
6. IIE-07 10
4.60E-02  5
2.87k-04 3
6.05E-05  3
3.21E-05 3
7.90E-05 6
1.14E-04 2
1.05E-05  10
1.07E-04 2
8.38E-03  3
2.37E-05 2
2.22E-03 2
5.15[. -05 3
1.81[”-04 2
1.7/E--O6 4
1.75L-05 2
5.83E -06 2
3.95E-05  3
2.24E -05 3
2.46E -05 2
1.49E-02 6
3.03E -02 2
2.00E-02  2
1.34E -05 5
2.55E-05 3
1.46E-05 2
1.78[-04 3
4.80E-06 10
1.55E-06 10
2.70E-06  7
4.40E-06  4
8.20E -06 8
9.29E-03  4
6.95E-03 10
1. IIE-04 2
1.33E-06 10
7.60E-06 10
9.00E-08  UL.
6.70E-03  5
5.64E -05 2
3.27E-06  5
1.91E-02 2
6.18E-03  4
1.60E-03 2
8.47E-07 10
4.69E-03  3
7.90E-07 10
1.92k -04 4
1.83E-02 2
2.00E-06 10
2.93E-03  2
7. OIE-03 3
1.19E-02 2
1.39[-02 2
2.26E -03 2
2.60L-06  7
2.37E-03  3
1.66E-04 2

( o - c ) %a R

1.311:-04 0.91
1.4 1.02

-0.2 0.96
1.17t -03 0.94
3.48[ -04 1.06

-1.4 1.00
2.6 1.02
2.5 0.98
0.1 0.95
1.7 0.95

4.27E -05 0.91
-1.8 0.99

3.36E-02  1.09
6.02E-05  0.87
1.07E-05 0.80
-10.7 0.82

0.3 1.02
3.4 0.96
1.3 0.95

3.62E-05 1.05
-2.9 0.95
5.3 0.99
3.7 1.03
3.2 1.06
-0.5 0.98
-5.7’ 0.91
2.7 0.95

9.80E-05 0.91
-6.1 0.90

2.23E-06 0.82
0.9 0.98
0.9 0.97
1.1 0.92
1.6 1.04

2.94E.05 0.87
1.72E.02 1.01

1.4 0.99
-3.6 0.95
-1.0 0.91
-2.8 0.99
-6.7 0.86
4.9 0.94
5.4 0.97
2.1 0.94
4.7 0.94
2.8 1.05
3.6 0.92
2.3 0.98

7.66E-03 1.05
4.8 0.92
-4.8 0.84

6.62E-06  0.99
6.76E-06 0.06

1.2 0.98
6.41E-05 0.90
-4.3 0.81

0.97
-::: 0.99
-3.2 0.91

5.7(E-07  1.06
-4.5 0.91

1.04E-06 1.03
-0.8 1.00
-8.2 0.98
1.6 0.82
-2.9 0.95
-1.7 0.90
-8.4 0.96
-1.0 0.93
-1.9 0.90

3.63E-07  1.69
4.6 0.94
-7.8 0.90



‘1’abl e 8 continued

observed upper 1 ouer observed observed upper I ower
positicm o - c

observed
J Ka Kc J Ka Kc strength %s (O-C)%a  R p o s i t i o n  o - c J Ka Kc J Ka Kc s t r e n g t h  %s ( o - c ) %a  R

4133.68342 -6 7 5 3 6 3 4 6.30E-03  2 0.6 0.89 4275.68045 - 6 1 0 7 4 9 5 5
4134.68756 -2

5.08E -05 3 1.7 0.70
8 5 3 7 3 4 5.37E-03 2 4.0 0.90 4275.5598 15 844 7 0 7 1.31E-04 2 -6.9 0.81

4138.81884 8 8 2 6 7 0 7 7.56E-03  4 0.6 0.97 4282.4365 -10 9 8 2 8 6 3 4.97E-05  2 5.64E-05 0.54
4139.39092 -2 9 3 6 8 1 7 2.06E-03  2 -5.3 0.95 4287.8919 108 10 6 4 10 2 9 1.98E-06 3 1.31E-06 1.24
4141.92974 1 8 4 5 ? 2 6 2.71E-03  2 3.4 0.94 4288.8047 -38 1 1 7 4 1 0 5 5 2.58E -05 6 7.7 0.73
4146.34287 -2 9 5 4 8 3 5 1.20E-03  2 1.1 OE-O3 0.92 4289.6067 11 1 2 5 8 1 1 3 9 4.78E-05  2 6.9 0.80
4147.9C182  -22 9 4 6 9 0 9 4.80E-06  7 9.8M-07 1.94 4290.7450 19 12 6 7 11 4 8 2.95E-05 3 2.43E-05 0.86
4149.51192 0 6 6 0 5 4 1 1.29E-03 2 -5.6 0.81 4290.8706 35 1 4 5 9 1 3 3 1 0 4.20E -06 4 1.21E-05 0.61
4149.7582 1 661 5 4 2 4.39E-04  2 -3.6 0.83 4294.6472 16 11 7 5 10 5 6 6.92E-05  3
4153.34148 2

-2.1 0.65
1 0 4 6 9 2 7 1.36E-03 2 3.21E-03  0.88 4295.8137 -2 1 3 4 9 1 2 2 1 0 1.48E-05 4 1.73E-05 0.78

4154.58785 -11 8 3 6 7 1 7 2.12E-03  2 1.1 0.96 4302.8779 -5 12 7 5 11 5 6 2.84E-05 2 -1.2 0.66
4154.991 205 11 6 6 11 2 9 1.73E-06 10 6.54E-07  1.84 4304.27122 10 1 1 2 9 1 0 0 1 0 1.45E-04 4 2.4 0.89
4159.17875 5 1 0 5 5 9 3 6 1.89E-03 2 7.9 0.89 4304.4493 0 10 8 2 9 6 3 3.41E-05  2 3.87L-05 0.54
4159.34906 -2 8 5 4 7 3 5 1.46E-03 2 1.7 0.87 4304.5859 0 1 0 8 3 9 6 4 1.18E-05 5 -9.3 0.56
4166.02205 14 6 4 2 5 0 5 5.75E-04 2 -3.7 0.90 4305.41132 2 1 2 3 9 1 1 1 1 0 1.70E-04 3 -8.2 0.80
4166.3218 82 6 5 1 6 1 6 3.00E-06  3 9.70E-07  1.81 *4305 .58?4 13 9 9 1 8 7 2 7.50E-06  6 1.03[:-05 0.37
4171.28862 -6 7 6 1 6 4 2 5.64E-04 2 -2.8 0.81 4306.71776 2 11 3 9 10 1 10 4.15E-04  3 -0.4 0.85
4172.33693 -11 7 6 2 6 4 3 1.68E-03 2 -2.8 0.80 4313.1500 -lo 13 7 6 12 5 7 2.95E-06  6 -10.6 0.59
4173.642 40 11 5 7 11 1 10 2.20E-06  10 9.50E-07  1.57 4313.6104 21 9 5 4 8 1 7 3.47E-05  4 -2.0 0.72
4176.38253 3 11 5 6 10 3 7 2.73E-04 3 2.24E-04 0.89 4315.6224 1 12 7 6 11 5 7 9.1OE-O6 10
4181.47663 3

-3”1 0.64
9 4 6 8 2 7 3.81E-03  2 4.5 0.91 4316.7269 28 12 4 9 11 2 10

4187.34171 1
5.88E-05 3 4.3 0.83

9 5 5 8 3 6 2.48E-03 2 4.8 0.87 4319.6840 30 13 6 8 12 4 9 2.2?E-05 4 0<6 0.69
4191.15575 -14 8 6 2 7 4 3 1.46E-03 3 0.6 0.81 4320.2455 -7 14 7 7 13 5 8 2.90E-06  10 -2.4 0.65
4193.2018 104 5 5 0 4 1 3 4.36E-06  6 5.79E-06  0.69 4325.4367 28 11 8 3 10 6 4 5.92E-06  4 6.82[-060.52
4193.87075 -1 11 4 7 10 2 8 2.llE-04 2 2.9W-04  0.86 4325.9190 -2 11 84 10 6 5 1.EEN-05 3 -9.2 0.55
4194.55305 -4 1 0 3 7 9 1 8 1.93E-03 2 -4.6 0.91 4327.5482 28 1 0 5 5 1 0 1 1 0
4194.60363 0

1.50E-06  10 9.38E -07 1.40
8 6 3 7 4 4 4.83E -04 2 1.4 0.81 *4328.736 O 1 0 9 1 9 7 2 8.16E-06  3 1.02E -05 0.41

4195.75054 -6 9 2 7 8 0 8 1.02E-03 2 2.0 0.94 4329.6129 15 1 3 5 9 1 2 3 1 0 4.05E-05  2 4.3 0.76
4200.22452 0 12 5 7 11 38 2.64E-04 3 2.34E-04 0.87 4337.1753 -18 13 7 7 12 5 8 9.70E-06  4 1.9 0.66
42E)4. Qf,Q4Q ? 9 3 7 8 1 8 2.84E-03 2 3.0 0.93 4339.9836 38 8 6 2 7 2 5 7.6CIE-06  7 1.03E-05 0.45
1,2 Q7.613Q ?9 7 7 0 6 5 1 8.98L-05  2 9.99E-05 0.68 4342.9537 21 9 4 5 8 0 8 1.04E-05 2 1.25E-05 0.78
4207.6466 1 7 7 1 6 5 2 2.64E-04 2 3.00E -04 0.66 4344.9933 39 12 8 4 11 6 5 9. IOE-06 10 2.8 0.61
4208.0678 1 9 6 3 8 4 4 3.20E-04  3 2.2 0.80 *4345.933 89 10 10 0 9 8 1 1.00E-06 10 1.25E-06 0.32
4214.1161 ?7 6 5 1 5 1 4 7.09E-05 3 8.20E-05 0.74 4346.4135 19 12 8 5 11 6 6 2.90E-0610 -1.5 0.59
4216.4547  53 7 4 3 6 0 6 1.13E-04  2 -8.0 0.83 4349.3375  12 14 4 10 13 2 11 1.07E-05  4  1.19E-05  0 . 7 6
4216.93279 -3 9 6 4 8 4 5 9.46E-04 2 4.1 0.81 4351.149 11 9 2 10 73 1.34E -06  3  1.62E-06 0 . 5 2
4 2 1 8 . 2 5 2 7  1 1 0 5 6 9 3 7 3.83E-04 3 7.1 0.86 4351.172 -1?
4221.289fi  - 8

11 9 3 10 74
1 0 6 4

4 . 0 3 E - 0 6  3  4.86E-06 0 . 5 1
9 4 5 5.18E-04  3 2 . 9  0 . 7 8 4351.3318 -10 14 6 9 13 4 10 2.IOE-06  10 0.69

4224.342?4 -1 10 4 7 9 2 8 5.05E-04 2 3 . 6  0 . 8 7 4 3 5 6 . 2 2 2 7  4 12 2 10 11 0 11 1.42E-04  2 -i:: 1.0?
4230.12354  6 8 7 1 7 5 2 3.23E-04 2 - 6 . 7  0 . 6 7 4 3 5 6 . 9 3 2 0  3 9 6 3 8 2 6 5.15E-06  3 -9.9 1.21
4230.1679 -65 13 5 8 123 9 2.40E-05 3  1.94E-05  0 . 9 9 4357.4127 -18 12 3 10 11 1 11 4.76E-05 2 -2.1 1.02
4230.3114 8 7 2 7 5 3 1.08E-04  3 - 6 . 4  0 . 6 8 4 3 5 8 . 0 2 7 8  - 4 13 3 10 12 1 11 1.68E-05  2 - 4 . 0  0 . 9 1
4 2 3 1 . 2 5 3 9  1! 11 6 5 10 4 6 8.05E-05 3 4 . 6  0 . 7 8 4359.933 0 14 7 8 13 5 9 9.00E-07  10 -2.5 0.69
4232.8820  47 8 5 3 8 1 8 4.80E-06  7 2.33E-06 1.57 4363.0185  22 1 0 5 5 918 4.33E-05 3 1.3 1.10
4236.7925 -32 8 6 2 8 2 7 4.05E-06 3 2.llE-06 1.41 4364.2786  18 13 4 10 12 2 11 5.25E-05 3 4.1 0.92
4239.8814 7 12 66 11 4 7 1.00E-04  2 8.4 0.80 4 3 6 6 . 1 5 6 6  - 7 13 86 12 6 7 3.30E-06  1 0  2 . 7 0.62
4239.93337 -5 1 0 6 5 9 4 6 1.59E-04  3 1 . 8  0 . 7 6 *4369.3864 -188 1 1 1 0 2 1 0 8 3 1.14E-06 10 -4.1 0.52
42[,Q.Q1445  7 752 6 1 5 4.93E-05 2 -9.5 0.74 4371.7245  15 1 4 5 1 0 1 3 3 1 1
4 2 4 2 . 8 8 ? 0 6  O

3.60L-06 10 6.2 0.80
124 8 11 2 9 1.89E-04  3  2.21E-04  0 . 8 6 4 3 7 2 . 6 7 3 0  - 7 12 93 11 7 4 1.81W-06  10 2.36E-06 0 . 4 5

4243.8558  82 5 5 1 414 1.36E-06 3  1.8EK-060.54 4 3 7 9 . 6 0 3 5  1 3 1 0 6 4 9 2 7 1.61E-05  10 -4.8 1.05
4 2 5 0 . 0 8 9 3  - 7 13 6 7 12 4 8 1.13E-05  7 8 . 9  0 . 7 8 4385.6C169  O 1 5 6 1 0 1 4 4 1 1 1.60E-06 10 10.8 0.72
4250.61852 -6 11 38 10 1 9 1.WE-04 3 -3.3 0.87 4 4 0 7 . 0 6 8 9  7 9 13211  1 2 0 1 2 1.53E  -0 5  3 -3.7 1.01
4250.89157 -1 1 0 2 8 9 0 9 1.17E-03 3 0 . 9  0 . 9 1 4407.6275 6 13 3 11 12 1 12 4.56E-05 2 -4.0 1.00
4251.5708 -16 9 7 2 8 5 3 8.47E-05 2 -2.1 0.69 4408.7710  22 1 4 3 1 1 1 3 1 1 2 1.26E-05  4  1.43E.05  0 . 8 9
4252.30815  0 9 7 3 8 5 4 2.48E-04 2 -4.1 0.67 4409.7392  91 11 6 5 10 2 8 3.30E  -06 10 -5.1 0.92
4252.36122  2 11 5 7 10 3 8 4.24E-04 2 4.4 0.81 4 4 1 1 . 7 6 0  6 8 14 4 11 13 2 12 4.50E-06  10 -3.4 0.87
4 2 5 5 . 7 4 5 1 4  1 1 0 3 8 9 1 9 3.77E-04 3 1.8 0.88 4415.099 -126 1 5 5 1 1 1 4 3 1 2 2.80E-06  10 2.44E-06 0 . 8 7
4259.459 107 9 6 3 9 2 8 1.27E-06 10 6.64E-07 1 . 5 2 4421.513 -87 11 5 6 10 1 9 3.80E-06  10 -3.2 1.02

*4?59.562 112 8 8 0 7 6 1 6.12E-05 2 7.08E - 0 5  0 . 5 4 4448.227 193 12 6 6 11 2 9 4.07E-06  4 - 5 . 6  0 . 8 6
4264.31728  0 11 6 6 10 4 7 2.09E-04 3 3.9 0.76 4 4 5 7 . 0 2 9 2  7 1 4 2 1 2 1 3 0 1 3 1.25E-05  6  1.44E-05  0 . 9 1
4M4.9259  O 14 6 8 13 4 9 9.40E-06  5 8.6 0.76 4 4 5 7 . 2 4 8 6  2 8 14 3 12 13 1 13 4.40E.06 4 -9.3 0.95
4269.76579  0 11 4 8 10 29 5.61E-04 2 7 . 3  0 . 8 7 4458.714 1 5 4 1 2 1 4 2 1 3

- 3 . 9  0 . 6 6 4 4 8 8 . 6 0 0 2  ;;
3.40E-06  10 -5.6 0.85

4271.40125  3 1 0 7 3 9 5 4 1.45E-04  2 1 2 5 7 1 1 1 1 0 1.85E-06 6  2.43E-06 0 . 8 0
..4272 ..83o?_  4 __e._?.~_~_l..–  6_~._ . . . . .._2  1 O E - O 4  2  1.70L-04 0...95. 4 5 0 6 . 2 ? 4 7  2 1 5  3 . 1 3  ..14.._l_k _  4..101 :04 10 _&5.–- !.93
* aster isk denotes a  doubled absorpt ion uith the-q~n”t~;-’ass  igrurwn~”~ve~f=th  =stronger  transit ion.  ?he strength given

represents the sun  of the strengths of the two CM.~r;~}e t r a n s i t i o n s .
o-c are observed minus confwted  (ine positions in cm . Crmputed  values derived from energy levels given in table 2 and ground
s t a t e  (evcls  g i v e n  in ref.16. Xs are est imated uncertaint ies in  the measured line strengths given in percent
a.  (o-c)% is  the percent difference betueen  the observed and conputed  line strength or the vatue of the con@ed strength if  the

difference between the observed and conputed  vaiues is si12%  or larger in magnitude.
R is the ratio of the  observed l ine strength derived in  this  study to the corr$xrted  value given in  re-t. ‘4

U L .  uFIper  [in,it. There  ucre no apparent  absorption features in  any of  the spectra within iO.015 cm of the [isted f r e q u e n c y .
The observed strength given represents the ntijxintirl  strength the transition can have taking into consideration nearby absorption
features of  other  t ransit ions and also the sigr,a[-to-noise ratio of  the spectra.



!l’abl c 9. Observed’ and computed frequencies
of transitions in the (300)-(100), and (001)-(001)

bands of H2’60. Values in cm-’.

J KaKc J KaKc band observed campute#  un A

1 1 0 1 0 1 (100)-(100) 18.037618 18.03743 9 19
3 1 3 2 2 0 (100)-(100) 6.570344 6.57019 8
414 3 2 1 (100)-(100) 12.811429 12.81131 6 ;;
4 2 3 3 3 0 (100)-(100) 15.970345 15.97037 7 -2
5 1 5 4 ? 2 (100)-(100) 10.897115 10.89723 9 -11

1 1 0 1 0 1 (001)-(001) 17.4885?8 17.48851 10 2
5 1 5 4 2 2 ( 0 0 1 ) - ( 0 0 1 ) 10.7{5288 10.71537 8 -8

1. taken from Ref. 15

2. carnputed values were calculated from levels given in
Table 2 of the present study

un uncertainty of computed frequencies derived fr~ estimated
uncertaint ies given in this  study,  Values x 10

A observed minus computed frequencies x 105
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‘1’abl e 1.

spectral
range
(cm-l)

1300-2300
1300-2300
1300-2300
1300-2300
1900-4506
1900-4506
2900-4200
2900-4200
2819-4356
2732-4364
2693-4364
2622-4457
26~2-.L5LG_..._

Experimental

unanodized
resolution

(cxil)

0.0052
0.0052
0.0052
0.0052
0.011
0.011.
0.01.1
0.013
0.013
0.011
0.031
0.031
0 ..!uL  . . . . . . . . . . . .

conditions and extent of measurements

path sampl e percent abundance of
1 ength pressure isotopic species

(m) (1’err) H2’~o H2170 H2’80

25. 0.92 99.6 0.04 0.2
97. 0.86 99.6 0.04 0.2
193. Q*92 99.6 0.04 0.2
433. 0.87 99.6 0.04 0.2
433. 7.10 99.6 0.04 0.2
433. 33.1 99.6 0.04 0.?,
2.39 0.34 99.6 0.04 0.2
2.39 2.25 99.6 0.04 0.2
25. 1.18 99.6 0.04 0.2
25. 3.86 99.6 0.04 ().2
76. 3.86 99.6 0.04 0.2
193. 3.98 99.6 0.04 0.2
433, ___ 4 ,.. Q____ .9h6 _o.04 0.2



Table 2. Rotational energy levels (cn~-l) of the (001) and (100)
vibrational states of H2160. Fjsti.mated uncertainties given in CXtI-l x :105

J KaKc

0 0 0
1 0 1
1 1 1
1 1 0
202
2 1 2
2 1 1
2 2 1
2 2 0
3 0 3
3 1 3
3 1 2
3 2 2
3 2 1
3 3 1
3 3 0
4 0 4
414
4 1 3
4 2 3
4 2 2
4 3 2
4 3 1
4 4 1
4 4 0
5 0 5
5 1 5
5 1 4
5 2 4
5 2 3
5 3 3
5 3 2
5 4 2
541
5 5 1
5 5 0
6 0 6
6 1 6
6 1 5
6 2 5
6 2 4
6 3 4
6 3 3
6 4 3
6 4 2
6 5 2
651
6 6 1
6 6 0
7 0 7
7 1 7
7 1 6
7 2 6
7 2 5
7 3 5
7 3 4
7 4 4
7 4 3
7 5 3
7 5 2
7 6 2
7 6 1
771
7 7 0

(001 )

3755.92870 3
3779.49311 8
3791.70093 2
3796.98162 6
3825.21?W 6
3833.57664 4
3849.38533 4
3885.75775 6
3887.11422 6
3890.82934 7
3895.58804 6
3926.86222 6
3956.66582 6
3962.91786 4
4030.06992 6
4030.30618 2
3974.63093 5
3977.26150 4
4027.80403 3
4050.05?22 5
4066.12259 7
4125.14872 8
4126.46347 8
4224.81693 3
4224.85102 5
4076.14331 4
4076.89596 4
4149.89929 6
4165.47381 6
4195.97099 6
4244.30477 5
4248.15255 6
4345.27209 6
4345.55921 4
4468.69337 4
4468.69782 6
4195.47731 5
4195.81813 4
4290.75709 5
4296.56348 4
4350.69939 6
4387.23483 3
4408.02888 4
4490.0(401 5
4491.36985 8
4613.52648 7
4613.57337 8
4759.85270 6
4759.85323 15
4332.7?392 8
4332.91239 6
4448.97084 7
4452.35282 3
4527.94937 6
4553.27562 5
4586.68326 6
4658.97484 5
4663.15074 7
4782.66225 7
4782.92020 7
4929.06195 15
4929.06897 15
5096.24545 10
5096.24550 30

(100)

3657.05325 4
3680.45376 4
3693.29355 3
3698.49119 8
3725.94198 3
3754.89692 11
3750.46435 5
3788.69443 5
3789.96945 5
3791.37219 8
3796.53964 6
3827.39266 8
3858.87560 4
3864.76393 4
3935.21128 8
3935.34471 6
3875.01712 7
3877.57524 4
3927.80282 5
3951.31508 4
3966.55925 6
4030.83894 6
4031.85365 5
4135.01768 7
4134.79853 5
3976.30815 4
3977.45648 7
4049.53617 8
4065.13191 6
4095.92000 6
4150.28751 10
4153.93818 5
4257.78684 4
4256.24135 4
4381.90422 8
4381.90416 4
4095.31532 7
4095.80333 6
4190.26218 4
4199.39106 3
4249.52445 4
4292.90997 6
4308.21134 6
4394.46445 3
4401.94203 4
4526.72000 13
4526.72057 5
4677.87650 25
4677.87654 15
4232.18458 3
4?32.38433 6
4348.41477 4
4353.23147 6
4426.06643 5
4457.81876 3
4484.99226 8
4563.98978 4
4572,44641 2
4695.83653 3
4695.83634 7
4846.77375 3
4846.77600 5
5020.02627 10
5020.02641 10

J Ka KC

8 0 8
8 1 8
8 1 7
8 2 7
8 2 6
8 3 6
8 3 5
8 4 5
8 4 4
8 5 4
8 5 3
8 6 3
8 6 2
8 7 2
8 7 1
88?
8 8 0
9 0 9
9 1 9
9 1 8
9 2 8
9 2 7
9 3 7
9 3 6
9 4 6
9 4 5
9 5 5
9 5 4
9 6 4
9 6 3
9 7 3
9 7 2
9 8 2
9 8 1
9 9 1
9 9 0
10 0 10
10 1 10
1 0 1 9
1 0 2 9
1 0 2 8
1 0 3 8
1 0 3 7
1 0 4 7
1 0 4 6
1 0 5 6
1 0 5 5
1 0 6 5
1 0 6 4
1 0 7 4
1 0 7 3
1 0 8 3
1 0 8 2
1 0 9 2
1 0 9 1
10 10 1
10 10 0
11 0 11
11 1 11
11 1 10
11 2 10
1 1 2 9
1 1 3 9
1 1 3 8

(001)

4488.09062 4
4488.14578 11
4624.30288 4
4625.93701 3
4725.06240 7
4741.06717 5
4792.34041 3
4851.53797 6
4861.80329 6
4976.04346 6
4977.04429 5
5122.34764 5
512?.39315 12
5289.95820 30
5289.95908 11
5475.75555 60
5475.75555 60
4661.42653 12
4661.44869 12
4816.99104 6
4817.7s589 9
4939.79434 4
4949.00314 7
5022.28141 2
5067.07693 6
5087.01723 3
5193.45776 5
5196.50066 3
5339.64148 3
5339.84344 5
5507.47502 7
5507.48?66 30
5694.04822 15
5694.04822 15
5896.27261 12
5896.27261 12
4852.74921 6
4852.75541 6
5027.25683 9
5027.55965 11
5171.06009 5
5175.95530 2
5275.63278 3
5304.72776 4
5355.26311 4
5434.48413 6
5442.09797 4
5580.81846 6
5581.52502 5
5748.66152 14
5748.69874 8
5935.83153 50
5935.83251 40
6139.32411 25
6139.32411 25
6355.73736 100
6355.73756 100
5062.01077 15
5062.01336 20
5255.20538 6
5255.34674 20
5418.8035L  7
5421.267{9 3
5543.63688 12

(loo)

4387.35751 4
4387.06300 5
4523.58902 4
4525.964?1 6
46?2.90619 9
4643.99925 3
4689.32875 6
4756.39416 4
4769.03867 4
4889.45726 4
4889.40418 2
5039.62753 12
5039.64228 7
5213.26944 10
5213.26905 10
5406.54944 20
5406.54944 20
4559.70777 6
4559.75216 4
4715.96703 5
4717.10461 6
4837.69978 6
4850.44146 3
4918.23499 7
4971.26084 5
4992.12177 7
5108.34945 3
5107.72929 4
5256.38163 8
5256.44877 5
5430.18095 10
5430.18387 8
5624.38695 30
5624.38751 10
5836.98595 30
5836.98595 30
4750.36230 4
4750.38793 6
4925.78707 5
4926.34709 3
5069.08848 2
5076.26623 3
5169.03944 4
5207.80231 5
5246.80043 7
5334.98852 6
5351.40879 5
5496.98077 7
5497.21555 5
5670.61552 6
5670.63006 12
5865.60411 40
5865.60555 50
6079.97815 20
6079.97815 20
6264.74611 30
6264.74611 30
4958.90129 3
4958.93691 15
5153.18869 3
5153.53465 15
5316.80441 7
5320.88911 25
5439.05662 8



l’abl e 2 cent.i.nued

J Ka KC

1 1 4 8
1 1 4 7
1 1 5 7 ’
1 1 5 6
1 1 6 6
1 1 6 5
1 1 7 5
1 1 7 4
1 1 8 4
1 1 8 3
1 1 9 3
1 1 9 2
11 10 2
11 10 1
11 11 1
11 11 0
12 0 12
12 1 12
12 1 11
12 2 11
12 2 10
12 3 10
1 2 3 9
1 2 4 9
1 2 4 8
1 2 5 8
1 2 5 7
1 2 6 7
1 2 6 6
1 2 7 6
1 2 7 5
1 2 8 5
1284
1 2 9 4
1 2 9 3
12 10 3
12 10 2
13 0 13
13 1 13
13 1 12
13 2 12
13 2 11
13 3 11
13 3 10
13 4 10
1 3 4 9
1 3 5 9
1 3 5 8
1 3 6 8
1 3 6 7
1 3 7 7
1 3 7 6
1 3 8 6
1 3 8 5
1 3 9 5
1 3 9 4
13 10 4
13 10 3
14 0 14
14 1 14
14 1 13
14 2 13

(001)

5563.39999 8
5631.83942 3
5698.48967 5
5714.53217 10
5845.65355 7
5847.70695 20
6013.36608 8
6013.51074 6
6200.89228 10
6200.89837 25
6405.51765 48
6405.51794 200
6623.67235 60
6623.67235 60
6852.16788 100
6852.16788 100
5289.15215 10
5289.15295 15
5500.85677 8
5500.91588 24
5683.33282 7
5684.53067 17
5830.25937 7
5841.86281 8
5933.54666 7
5984.67545 25
6013.44811 6
6133.77462 9
6138.88967 15
6301.40751 8
6301.87s48 22
6489.01121 20
6489.03947 30
6694.57864 60
6694.57915 30
6914.35?55 80
6914.35835 80
5534.11135 60
5534.11105 30
5764.18544 10
5764.20465 8
5964.91273 9
5965.47513 6
6132.64433 6
6139.02976 6
6256.02106 11
6292.11987 7
6336.03672 15
6444.63535 9
6455.74234 9
6612.54852 12
6613.83569 15
6799.95736 13
6800.05109 60
7006.35900 500
7006.35900 500
7227.46421 300
7227.46421 300
5796.94279 22
5796.88679 10
6045.17201 12
6045.14246 12

(loo)

5465.05382 7
5524.56942 16
5601.53158 8
5621.33471 30
5761.40271 10
5762.06031 12
5934.41955 20
5934.47791 10
6129.98144 40
6129.98391 10
6346.10897 60
6346.10897 60
6534.17631 60
6534.17631 60
6785.60036300
6785.60036300
5186.33752 8
5184.73448 6
5398.25055 40
5399.33075 50
5581.10963 11
5579.48982 18
5726.06246 7
5742.03722 15
5826.13442 8
5887.76596 21
5918.17321 80
6049.84891 6
6051.27307 10
6221.43163 10
6221.62338 10
6417.29637 15
6417.30549 50
6635.10944 300
6635.10944 300
6825.8WO0 300
6825.8WO0 300
5429.11859 10
5429.12815 10
5662.47525 45
5660.40423 10
5862.33905 17
5862.46697 10
6028.85888 30
6037.87366 50
6148.68295 190
6194.30324 50
6241.53159 60
6363.56837 19
6365.37945 10
6531.47900 50
6532.02069 40
6727.31879 50
6727.35841 40
6946.69639400
6946.70165 400

5690.87849 50
5690.88001 40
5940.54255 300
5940.63751 10

J KaKC

14 3 12
14 3 11
14 4 11
14 4 10
14 5 10
1 4 5 9
1 4 6 9
1468
1 4 7 8
1 4 7 7
1 4 8 7
1486
1 4 9 6
1 4 9 5
15 0 15
15 1 15
15 1 14
15 2 14
15 2 13
15 3 13
15 3 12
15 4 12
15 4 11
15 5 11
15 5 10
15 6 10
1 5 6 9
1 5 7 9
1 5 7 8
1 5 8 8
1 5 8 7
16 0 16
16 1 16
16 1 15
16 2 15
16 2 14
16 3 14
16 3 13
16 4 13
16 4 12
16 5 12
16 5 11
16 6 11
16 6 10
17 0 17
17 1 17
17 1 16
17 2 16
17 2 15
17 3 15
17 3 34
17 4 14
18 0 18
18 1 18
18 1 17
18 2 17
18 2 16
18 3 16
19 0 19
19 1 19
20 020
20 1 20

(001 )

6?63.92009 25
6451.08156 9
6454.13347 25
6596.2? 248 13
6619.78911 15
6705.59388 30
67(7.52833 15
6798.71927 15
6946.46300300
6949.58027 15
7133.48509 60
7133.78095 40
?340.18230 400
7340.19980400
6077.10477 50
6077.10477 50
6343.43385 20
6342.52789 20
6578.87025 10
6579.74043 6
6784.72742 15
6786.68839 10
6952.188W 20
6966.58408 15
7074.30900600
7131.63067 50
7167.34800600
7302.71938 50
7.$09.49260300
7489.30484 60
7490.10000 600
6375.05260 60
6375.05260 60
6659.44792 100
6659.44792 100
6912.56935 60
6913.06460 60
7135.32125 50
7136.37600300
7323.11014 50
7331.48610 300
7464.48532 50
7506.01800 600
7559.38665 70
6690.46970 60
6690.46970 60
6W2.76200 150
6992.76226 150
7262.7W75  50
7262.7r922 150
7502.38500 600
7503.07197300
7023.28630 50
7023.28630 50
7343.34370300
7343.34370 300
7630.01370300
7630.00700600
7375.38810 60
7.$73.38810 60
7{40.68900 300
7740.68900 300

(loo)

6160.37285 40
6347.16860400
6351.85515 20
6489.20200 500
6520.60730 40
6589.74543 300
6676.46991 15
6705.04620 50
6864.39533 40
6865.72802 300
7059.81262 50
7059.93346300
7280.59215 300

5970.20012300
5970.20012300
6238.21526300
6238.22050300
6474.70435 50
6475.43940 400
6682.00397300
6683.52400 500
6846.56082 300
6865.69900 500
6960.3867/ 300

7070.63936400
7220.23000 500
7222.96299300

6267.03550 25
6267.03550 25
6553.22400300
6553.22400 300

6581.27750 50
6581.27750 50

J4 212 6263,6W38 8__6j11.13327  5.0 —..——



Tab] e 3. Matrix elements used in the expansion of the dipo] e moment

j

2

3

4

5

6

-1

8

9

30

11

12

33

14

35

16

37

18

19
-.. —

n

3

3

3

3

3

1

3

1

1

1

1.

1

1

1

1

3

1

3

for B-type transitions o-f water vapor. -

<J KIA1(j)l JIKi>/<J K141 (x) lJt K-i AK>

,J’(J’+1) + J(J+l)

K12 + K2

K12 _ K2

K,2 _ K2 _ ~m

(K12-K2) (K12-K2-2m)

J(J+I) - 2m(m-3) + (2m-l)KAK - K2 -1

[ (J ‘-KAK-1) (J ‘-KAK-2) (J 1-t KAK-t2) (J ‘+ KAK+3) ]1/2

K’2J’(J’ +1) - K2J(J-tl)

K14 - ~

(K, 2_K2 )[J’(J’+l. ) + J(J-11)]

K12(J12+JI)2

K16

~,4

K12J1(J’+3)

K16 . . )(6

AK =f]

(a)

(a)

(a)

(a)

(a)

(a)

(a)

J’(J’+1) if m=O and J=”KC or J1=KCt , otherwise = O

J’(J 1+3) if n~=O and J=KC or J ‘= KC’ -l, otherwise = O

J’(J’+1) if m#O and J=KC and J l=:KC I , o~herwi se == o
—-

(a) taken from Flaud and Camy-Peyret,  ref. 9

JI-J” == 0, -II

m =X [J’(J’+1) - J(J+l) ]/2

KI-K = nAK



Tab] e 4. Matrix elements used in the expansion of’ the dipole moment
for A-type transit .i.ons of water vapor. a

~ n <J KIA1(j)l JIK1>\<J KIO(Z)IJIK> AK ~~]

2 0 J’(J’+1) -i J(J+l)

3 0 ~ 1(2

4 0 m

~ o 2J(J+1) - 2m(m-1. ) --2K2 -3

6 2 AK[ (J ‘-KAK-] ) (J 1+ KAK+2) ]fi x F

7 2 2 (K+AK) [ (J1-KAK-l) (J ‘+ KAK42) ]% X F

8 2 2{ K-t AK(l-m) )[(J’-KAK--l  )(+ KAKAi2)2) ]K x F
— —-... -.. —... .— - . . . . . ..-. ——.. .—— —-

a. taken from F] aud and Camy-Peyret, ref. 9

Jl_J .. ~, f]

m= [J1(Ji-tl) - J(.J+3)]\2

K1-K = nAK

F == <J Klk(z)l JtK>/<J K14}(x)IJIK+ AK>



Tab] e 5. Dj.pole moment expansion coefficients derived from
least-squares fits of H 160 measured lines strengths in the
(100)-(010), (100) -(OOO\ , (001)-(010) , and (001)-(000’) bands.
Results derived without Fermi and /or Coriolis interactions
included in the analyses. Values in I)ebyes.

(100) ”(010) band ( 1 0 0 ) - ( 0 0 0 )  band
j t h i s  uork Fiaud et  a l a -----------------this work ----------------- Flaud et  al.t)

2.000 (25)E-02
; -3.67(369)E-06
3  8 . 4 ( 1 4 1  )E-05
4 - 4 . 7 8  (55)E-04 .
5  3 . 7 6 (  165)F-05
6  6 . 4 2 (  24)E-05
7  9 . 4 2 (  286)E-06
8  1.66(82)E-05
9 -1.95 (58)E-05

10 7.00( 239)E-05
11 8.88(270)E-06

-9.25 (426)E-08
;; 6 . 2 1 (  183)E-06
14 -8.64 (466)E-05
15 1.09(35)E-05
1 6  - 4 . 1 I ( 1 O I ) E - O 6
17 2.04( 191)E-05
18 -5.48 (945)E-06
19 2.50( 115)E-05
UC 80
O%d 4.1

min v 1852.959
max v 2238.941

2.20( 40)E-02

7.48( 500)E-04
1.1 O(4I)E-O3

1.&(145 )E-05

11
11.1

2002.999
2193.038

I.48(10)E-O2
-1.79 (569)E-06
1.8(193 )E-05
-1.45 (68)E-03
4.84( 142)E-04
-7.48 (544)E-05
-4.32 (219)E-05
5.26( 188)E-06
1.43( 172)E-05

-1.12 (74)E-05
-7.98 (784)E-06
1.06( 134)E-08
1.9(676 )E-07

-8.4( 116)E-06
-1.74 (124)E-06
9.3(165 )E-08
6.5(421 )E-06
1.3(189 )E-06
-1.03 (146)E-05

1 ?4
3.8

3028.237
3593.791

1.47(7)E-02
-6.7( 573)E-06
2.46( 275)E-04

-1.26 (34)E-03
5.58( 261)E-04

-1.13 (60)E-04
2.2(108 )E-O5

-7.5( 432)E-06
5.(123 )E-06
1.2(117 )E.05

-5.2( 570)E-06
2.02( 279)E-08

-5.4( 138)E-07
2.97(868)E-05

-6.7O(71O)E-O6
3.2(178 )E-07
1.1(719 )E-06

-1.3( 320)E-06
3.2(215 )E-05

73
7.1

3598.135
3844.404

1.51( 3)E-02 1.469 (75)E  -02
-2.41 (89)E-05
3.50( 120)E-04

-1.26 (80)E-03 -1.35 (9)E-03
4.53( 41)E-04 5.09( 62)E-04

-6.68 (107)E-O5 4.90( 231)E-07
2 . 8 2 (  149)E-05 3 . 6 0 (  135)E-07

-2.17 (66)E-05
-3.88 (65)E-05
6.32( 181)E  -05
1.49( 37)E-05
2.30( 134) E-OEi
4.23(143)E-07

-1.91 (145)E-05
2.03( 316)E-06

-9.52 (191)E-07
-3.46 (144)E-05
-1.95 (66)E-05
3.64( 337)E-05

107
15.3

3500.873
4106.378

(001)-(010) band (001)-(000) band
j t h i s  work Flaud et at. a this work Flaud et al.  b

1 2.497 (3)E-02 2.670 (72)E-02 7.257  (74)E-02 6.869 (130)E-02
2 -7.69 (656)E-07 7.61( 32)E-06
3 1.99( 14)E-05
4

-8.49 (7)E-05
4.063 (39)E-04 1.86( 170)E-04 -1.478 (4)E-03 -1.146(21O)E-O3

5 1.92( 187)E-06
6

6.38(  435)E-07
-1.59(8)E-04 5.05( 1)E-04 5. OO(11O)E-O4

7 -6.72 (206)E-06 -1.23 (3)E-05
8 1.9(715 )E-08 1.35( 2)E-05 3.8 I(11O)E-O5
UC 67 24 159
O%d 3.1 8.3 4.4

min v 1957.187 2026.939 3223.458
max v 2497.689 2Z’7’?~81)_, 4 4 0 7  .4L7  _ . _ _ _ . . - _ _ . — .  .  .

a .  T a k e n  from Flaud et ai. , r e f . 10.  Va[ues given  above differ  from those given in ref.  10
for the (100)-(010) band in which the Fermi interaction between the (020) and (100) states
was removed.

b .  T a k e n  frcm Flaud et al., ref.  9.  Values given above differ  from those given in ref.  9
for  the (100)- (000)  band in uhich  the Fermi interaction between the (020)  and (100) s tates
was removed.

c. N represent  the nmber  of Line strengths used in the least-squares f i t
d.  O %  is  the standard devjat”orl

{X[(SObs-Sca~ )/SOb,] ~<~}~~~~~~~ng  f ‘O”’ ‘he ‘east-squares f i t in per~~nt.u% =
rnin and max v are given in cm and pertain to the minimun  and maxirmxn frequency range of
transit ions used the [east-squares f its.
va(ucs  given within parenthesis are estimated uncertainties in the last  digit (s).


